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Revascularization of the Heart 


A Study of Mortality and Infarcts following Multiple 
Coronary Artery Ligation 


By Ricuarp S. Hawn, M.D., AND CLAuDE 8. Beck, M.D. 


This report on revascularization of the heart is based on work done in this laboratory in the period 
from Sept. 1, 1949 to Sept. 1, 1951. A brief description of the operation is given. After the opera- 
tion was done an attempt was made to shift the inflow from the coronary arteries to the graft from 
the aorta. An attempt was made to occlude all coronary arteries. Four hundred operations were 
done on 100 dogs. Data on mortality and infarcts are given in this paper. 


REVIOUS reports from this laboratory 
indicated that blood from the aorta de- 
livered into the coronary sinus pro- 

tected the heart against ligation of a major 
coronary artery.!~* This protection consisted of 
reduction in mortality and reduction in size of 
infarct after a major coronary artery was li- 
vated. The test artery in these experiments was 
the descending ramus of the left coronary artery 
occluded in one step at the origin of the artery. 
During the past two years we extended the 
arterial ligations to include the other coronary 
arteries. Attempts were made to ligate the 
entire coronary artery system in dogs. Records 
were kept concerning mortality and infarcts as 
this study progressed and these results are in- 
cluded in this report. 


Tue OPERATION 


The (eration as finally developed in this labora- 
tory way done in two stages. The first stage consisted 
in placi's a free graft of jugular vein between aorta 
and cor nary sinus. Special clamps were developed 
lor this »peration. The anastomosis between sinus 
and gra’. had a stoma which was approximately 8 
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mm. in length. The stoma on the aortic end was 5 to 
6 mm. in length. There were many factors in the 
technic of the operation which contributed to suc- 
cess or failure. After the graft had been placed blood 
flowed freely from the aorta, through graft and into 
the venous system of the heart. Most of the blood 
escaped into the auricle. The pressure in the coronary 
sinus after the graft had been placed measured 18 
to 22 mm. of mercury. This elevation in pressure was 
not enough to rupture veins and capillaries in the 
heart but was sufficient to bring about thickening 
of the walls of veins so that they could tolerate rou- 
tinely the higher ,...sure to which they were ex- 
posed at the second stage of the operation. It was 
readily possible to rupture veins and capillaries by 
the application of full aortic pressure to these struc- 
tures. This complication could be obviated by allow- 
ing blood to escape freely into the auricle. This fistula 
also accomplished two additional results that were 
favorable. The rapid current of blood reduced the 
rate of thrombosis in the graft. It also prevented 
excessive thickening and fibrosis of intima which 
could go on to complete obliteration of veins.‘ 
Whether the thickening of veins was due to pressure 
or to alterations in the oxygen and carbon dioxide 
content of the contained blood was not determined. 
In order to maintain patency of graft and patency 
of the sinus and its tributary veins the flow through 
these channels had to be active and not sluggish. 
Complete ligation of the sinus at its ostium in the 
auricle produced a stagnant flow in the graft.* One 
would expect this in dogs because on the other side 
of the capillary bed was normal coronary artery in- 
flow pressure which was a barrier to any opposing 
flow. It was observed that, after ligation of one or 
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more of the coronary arteries in dogs, the veins be- 
came pink indicating retrograde flow.* 

The second stage of the operation was done three 
weeks after the first stage. It consisted of placing a 
ligature around the sinus near its ostium in the right 
auricle. This ligature was tied down on a stilet to a 
diameter of 2.5 mm. or 3 mm. Complete ligation of 
the sinus was to be avoided. The pressure in the 
coronary sinus after partial occlusion measured 50 
to 70 mm. of mercury. These pressures were readily 
tolerated as they were reflected back toward smaller 
veins and capillaries. In the human heart with oc- 
clusive disease of the coronary arteries, the veins 
and myocardium became pink after the second stage 
of the operation was done and heart was regarded 
as a protected heart. After the two stages of this 
operation were done in dogs, the heart was able to 
withstand coronary artery occlusion. 

All operations were done under a closed system of 
ether anesthesia. A mechanical respiratory (Rand- 
Wolfe) was used. 


Mortality of Operation in Dogs 


The two stages of this operation were done in 
109 consecutive dogs with no mortality. Several 
factors made this record possible. One factor 
in the record was that an attempt was made to 
care for these dogs in a proper manner.® The 
other factors were the technical surgery, the 
anesthesia, oxygenation of the blood, and post- 
operative care. Some of the dogs were subjected 
to six operations on the heart. These repeated 
operations produced adhesions and scar tissue 
which made the technical surgery difficult and 
dangerous. Repeated dissections of coronary 
arteries produced a constant threat of hemor- 
rhage, ventricular fibrillation and cardiac asys- 
tole. Four hundred operations were done on 
100 dogs. Out of these 100 dogs, 30 were lost 
from immediate complications such as hemor- 
rhage, fibrillation and asystole which occurred 
during the dissection of the artery. There were 
15 postoperative deaths due to pneumothorax, 
infection, pneumonia, diarrhea from parasites, 


* In human patients in whom this operation was 
done for coronary artery disease the retrograde flow 
through veins was considerably more active than it 
was in dogs with normal coronary arteries.> After 
the graft was placed in these patients, occlusion of 
the sinus ostium produced marked and extensive 
pinking of veins and myocardium. Pulsation was 
noted in the veins. Such active retrograde flow fa- 
vored success of the operation in patients with oe- 
clusive disease in the coronary arteries compared 
with conditions in the dog. 


cerebral complications, and other causes 
Thrombosis of the graft occurred in eig! dogs, 
Out of 100 dogs, there were 47 in the s: ries for 
this study on multiple occlusion of art ries, 


Patency of the Graft 


The patency rate of the graft in this . cries oj 
100 dogs was 92 per cent. Compared \ ith our 
results in the past, this was the highest r. te that 
we have had. Any deviation in technic 
influenced this rate. Recently we used a nev 
sinus clamp and the patency rate was 1!) out of 
15 dogs. The most important factor determin- 
ing patency was the rapidity of flow in the 
graft. A rapid flow favored patency; a sluggish 
flow favored thrombosis. An open fistula into 
the auricle favored patency. This was one 
reason for the two-stage operation. The surgi- 
‘al technic also influenced the rate of patency 
and these factors are not discussed. The pa- 
tency rate in human patients so far has not 
been as high as in the experiments. 


Method of Producing Occlusion of Coronary 
Arteries 


The method for producing occlusion of a 
coronary artery consisted of dissection of the 
artery so that it could be identified and ligated. 
Partial occlusion of the artery was done by 
tying a ligature around both the artery and a 
probe or stilet and then removing the probe or 
stilet after the knot was tied. One mistake was 
made in identification of the artery. The degree 
of occlusion of the artery was always checked 
by examination of the specimen so that when 
an artery was said to be occluded it was checked 
by the specimen. Another consideration in plac- 
ing these ligatures was that no branch of the 
artery was missed. Most of the statistics upon 
coronary artery ligation are based upon experi- 
ments in which the ligature might be !.0 em. 
below the origin of the artery; in such experi- 
ments one or two branches were usually missed 
and this made a definite difference in mortality 
and infarct. The repeated dissections of the 
coronary arteries were extremely diffie:'t and 
dangerous because they were imbedded ‘1 scar. 
Another consideration concerning our © xpeti- 
ments was that we counted delayed ‘eaths 
occurring days or weeks after ligation »f the 
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artery. Our experiments were done under asep- 
tie su zical conditions so that survival was 


possibi . 

Ano her consideration of our method of pro- 
ducing occlusion concerned the time factor of 
the oc ‘usion. Our ligations, whether complete 
or par’ al, were done in abrupt steps. In human 


patien s the occlusion produced by coronary 
artery lisease is frequently gradual, extending 
over « period of days, weeks, or months. It is 
known that if the occlusive process is slow 
enoug!: in patients, the entire coronary inflow 
may be occluded. The time factor in producing 
oeclusion is an important factor in mortality. 
This time factor in the occlusive process is im- 
portant because when the arterial inflow is 
reduced, another factor appears for considera- 
tion. This other factor can be referred to as the 
factor of safety or the margin of safety. If the 
heart is to tolerate the occlusive process, the 
margin of safety over and above minimal re- 
quirements for maintenance of the heart beat 
must be great enough to withstand the inflow 
reduction. This margin of safety is elastic. It 
can increase with time so that an inadequate 
margin of safety producing mortality can be 
changed to an adequate margin of safety pro- 
ducing recovery if the circulation is given op- 
portunity to make adjustment to the arterial 
occlusion. 


MorTALITY FOLLOWING REPEATED OCCLUSIONS 


Interval of One Week between Successive Occlu- 
sions of Coronary Arteries 


The variety of occlusions makes the presen- 
tation somewhat complicated. The results are 
given in table 1. Eleven dogs (group A) were 
taken in which the graft was instituted in two 
stages. There was a period of three weeks be- 
tween tne two stages. At the second stage of the 
operation, immediately after the sinus was par- 
tially | gated, the right coronary artery was 
dissect | out and was completely ligated at its 
origin i.om the aorta. Four of these dogs died 
and se\ -n lived. One week after the right coro- 
lary a. ery was ligated, the descending ramus 
and th circumflex ramus of the left coronary 
artery ere partially occluded in three of these 
(logs. I vo died and one lived. One ‘week later 
this on survival was operated upon and the 
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descending ramus of the left coronary artery 
was completely occluded. This dog died. 

Three dogs (group B) were taken in which 
the two-stage operation was done with an inter- 
val of three weeks between placing the graft 
and partial occlusion of the sinus. One week 
after the second stage was done, the descending 
ramus and the circumflex ramus of the left 
coronary artery were partially occluded. One 
animal died, two lived. One week later these 
two survivals were operated upon and the de- 
scending ramus was completely occluded. Two 
dogs survived. One week later these two dogs 
had the circumflex artery completely occluded. 
One died, one lived. One week later the one 
survival had the right coronary artery com- 
pletely occluded. This dog lived for 35 minutes. 
The specimen showed all coronary arteries in- 
cluding the septal artery to have been com- 
pletely occluded. 

Another dog (group C) had both stages of 
the operation done three weeks apart. One 
week after the second stage was done, the cir- 
cumflex ramus of the left coronary artery was 
completely occluded. The dog lived. One week 
later the right coronary artery was completely 
occluded. The dog died. 

Seven dogs (group D) had both stages of the 
operation done three weeks apart. One week 
after the second stage was done, the left com- 
mon coronary artery above the septal branch 
was partially occluded to a diameter of 2.5 mm. 
One dog died and six lived. One week later 
these six dogs were operated upon and the com- 
mon left coronary artery was partially occluded 
to a lumen of 1.5 mm. Four dogs died and two 
lived. One week later these two survivals had 
complete occlusion of the common left coronary 
artery and both died. 

Comment on These Experiments. Under the 
conditions of the experiment it would appear 
that the graft did not protect seven dogs from 
complete occlusion of the right coronary artery. 
One dog survived complete occlusion of all 
coronary arteries for a period of 35 minutes. It 
was our opinion that the blood supply from the 
aorta through the graft made this possible. 
Total occlusion of the common left coronary 
artery was not accomplished even though this 
artery was taken down in stages. It was our 
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opinion that an interval of one week between 
successive occlusions of the coronary arteries 
was not long enough to give the best results. 
We believed that the circulation needed a longer 
period of time to make adjustments to the in- 
flow occlusions. We are of the opinion that the 
margin of safety following occlusion can in- 
crease with time up to a certain point, so that 
survival might follow the next occlusion if an 
adequate interval of time existed between the 
occlusions. 


Interval of Three Weeks between Successive Ocelu- 
stons of Coronary Arteries 

In table 2 the results are shown. An attempt 
was made to produce complete occlusion of the 
left common coronary artery above the septal 
branch in seven dogs (group A). The graft had 
been placed in two stages as usual before the 
artery was occluded. Three weeks after the 
second stage was done, the left common coro- 
nary artery was partially occluded to a diameter 
of 2.6 mm. Two dogs died and five survived. 
Three weeks later, the right coronary artery 
was completely ligated in these five dogs. Three 
died and two survived. Three weeks later, the 
left common coronary artery was partially oc- 
cluded to a diameter of 1 mm. in the two sur- 
viving animals. Both dogs died. 

These experiments indicated the high mor- 
tality in experimental occlusion of the left com- 
mon coronary artery even in the presence of 
the graft and even when the occlusions were 
done in stages. It was decided to occlude the 
two major branches of the left coronary artery 
instead of the common left artery itself. 

The graft was placed in 15 dogs (group B) 
and the second stage was done three weeks after 
the first stage. Three weeks after the second 
stage was done the descending ramus of the left 
coronary artery was totally occluded at its 
origin. One animal died and 14 lived. Three 
weeks later the right coronary artery was com- 
pletely occluded at its origin in one stage in six 
of these dogs. One died and five lived. Three 
weeks later the circumflex ramus of the left 
coronary artery was completely occluded in one 
stage in these five dogs. Three died and two 
lived. In one of these dogs the death occurred 


immediately after the artery was ligate: . [y 
the other two dogs death occurred seven jays 
and 22 days after ligation of the artery The 
significance of the delayed deaths was that 
these dogs almost survived the ligations. I) jeed 
it would be correct to state that at the « d of 
the six days following the last occlusion — here 
were four living dogs with complete occ! sion 
of all three major coronary arteries. Th: two 
long term dogs were killed after five m: :ths, 
These dogs were believed to have had otal 
coronary occlusion. The specimens from — ‘:ese 
dogs showed complete occlusion of all ar: vies 
except the septal branch. The check by aut: ipsy 
examination of the specimen was essenti:! be- 
cause while these dogs were alive we beli: ved 
that the septal branch was also occluded 

By altering the procedure another animal 
was obtained in which we believed total ovcclu- 
sion was accomplished. The remaining cight 
out of 14 dogs that survived ligation of the de- 
scending ramus of the left coronary artery were 
operated upon after an interval of three weeks 
and the circumflex ramus of the left coronary 
artery was ligated in one stage at its origin. 
Six died and two lived. Notation is made here 
that, if we had interposed ligation of the right 
coronary artery between ligations of the two 
major branches of the left coronary artery, the 
survival record might have been greater than 
two out of eight. The adjustment to the occlu- 
sions might have been better. Of the two sur- 
vivals, one was operated upon three weeks later 
and the right coronary artery was totally oc- 
cluded at its origin in one step. This dog sur- 
vived. It was kept for a period of five months. 
It was then killed, and the specimen showed 
complete ligation of the three major coronary 
arteries. The septal branch was patent. 

Two dogs (group C) were subjected to total 
ligation of the right coronary artery three weeks 
after the second stage of the graft. Both dogs 
lived. Three weeks later one of these dogs had 
total ligation of the descending ramus 0! the 
left coronary artery. This dog lived. ‘Three 
weeks later the dog had the circumflex !imus 
of the left coronary completely ligated and ‘ied. 

One dog (group D) was subjected to total 
ligation of the circumflex artery three » ceks 
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after he second stage of the graft and lived. 
Thre. weeks later the right coronary artery 
was ‘ tally ligated and the dog survived. 

Co ment on These Experiments. The septal 
arter originates from the common left coro- 
nary rtery or from the descending ramus of 
this: tery. In many instances the septal branch 
was | cated together with the descending ramus 
of th left coronary artery. We could not be 
certo 1 Whether the septal branch was ligated 
with ie descending ramus until the specimen 
was ¢ amined. In this series there were five dogs 
that <urvived complete ligation of the descend- 
ing ramus of the left coronary artery, the cir- 
cumflex ramus of the left coronary artery and 
the right coronary artery. Only the septal 
branch was patent. One of these dogs died 
seven days and one died 22 days after ligation 
of the circumflex ramus of the left coronary 
artery. The remaining three dogs were kept for 
five months. During this period of time the 
dogs were active and appeared to be normal. 
Electrocardiograms on these dogs, taken at 
rest, showed minimal evidence of infarction. 
These dogs were given an anesthetic; the chest 
was opened and the graft was identified. The 
graft was clamped off for a period of 30 minutes. 
There was no change in the electrocardiogram 
and there was no objective change in the heart 
beat while the graft was occluded. The only 
interpretation that can be given to these obser- 
vations is that the graft was not essential to 
the maintenance of the heart beat for a period 
of 30 minutes under the conditions of the experi- 
ment. This raised doubt as to whether a signifi- 
cant quantity of blood flowed in a retrograde 
direction in these experiments. We have evi- 
dence to show that retrograde flow occurs im- 
mediately after arterial occlusion. Studies on 
retrograde flow occurring days or weeks after 
arteri:! occlusion are being carried out. The 
dogs were killed and the specimens were exam- 
ined. !n the hearts of two of these dogs com- 
plete « «clusion existed in the descending ramus 
of the eft coronary artery, the circumflex ramus 
of the ieft coronary artery and the right coro- 
nary ® tery. Only the septal branch was patent. 
This : ose from the common left at a level 
proxin al to the descending ramus. In the third 
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specimen all coronary arteries, including the 
septal branch, were completely ligated except 
that the occlusion of the cireumflex ramus was 
not quite complete. It had a lumen of 1.0 mm. 
and it is possible that this artery was com- 
pletely occluded at the time the ligation was 
placed and that this small lumen developed 
subsequently. 

Survival and mortality following complete 
occlusion in one stage of one, two and finally 
three major coronary arteries can be obtained 
from tables 1 and 2. Table 3 summarizes these 
results. Out of the 47 ligations there were 29 
that survived one-stage ligation of one major 
artery: right coronary seven in group A table 1, 
two in group A table 2 and two in group C 
table 2; descending ramus two in group B table 
1 and 14 in group B table 2; circumflex ramus 
one in group C table 1 and one in group D 
table 2. Out of these 29 survivals there were 10 
that survived complete occlusion of a second 
major artery: one in group B table 1, seven in 
group B table 2, one in group C table 2 and one 
in group D table 2. Out of these 10 survivals 
there were three that survived occlusion of the 
third major artery: three in group B table 2. 
In addition to these three long term survivals 
there was one dog that lived seven days and 
one that lived 22 days after all three major 
arteries were occluded (two in group B table 2). 
Table 4 shows the figures for each of the three 
arteries: descending ramus, 17 (15 in group B 
table 2 and two additional dogs not in the 
table); right coronary artery, 13 (group A table 
1 and group C table 2); circumflex ramus, two 
(group C table 1 and group D table 2). Partial 
occlusion of the left common coronary artery 
was done in 14 dogs (group D table 1, and 
group A table 2). A combination of partial 
occlusion of the descending ramus and partial 
occlusion of the circumflex was done in three 
dogs (group B table 1). 


DIscussION 
Several conclusions can be drawn from these 
experiments. The survival rate in the animals 
referred to in table 2 was greater than in those 
referred to in table 1. It would appear that an 
interval of three weeks between operations on 
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the coronary arteries (table 2) gave a higher 
survival rate than occurred when this interval 
was one week (table 1). Perhaps the dog re- 
quired a longer period than one week to recover 
from one operation before the next operation 
was done. This would involve such general con- 


TABLE 1.—Both Stages of Operation. Serial Ligation 
of Arteries. Interval between Ligations One Week 


Number Died 


Coronary Artery Ligated of Dom 


Survived 


Group A 


Right 

Descending ramus, partial. 
Circumflex ramus, par- 
tial. 

Descending ramus, com- 
plete. 


Group B 


Descending ramus, partial. 
Circumflex ramus, par- 
tial. 

Descending ramus, com- 
plete 

Circumflex ramus, com- 
plete 

Right 

Group C 

Circumflex ramus, com- 


plete 
Right 


Group D 


Left common, partial, 2.5 
mm. 

Left common, partial, 1.5 
mm. 

Left common, complete 


siderations as nutritional disturbance and other 
side effects of the anesthetic and the operation. 
Another factor concerned the adjustments of 
the circulations that take place after a coronary 
artery was partially or completely occluded. 
These adjustments were important and re- 
quired time to run their course and reach an 
end point. We have had experience in the past 
which has led us to attach importance to this 
factor. 


The mortality following ligation of th right 
coronary artery in group A of table 1 was 
higher than occurred in normal control cogs, 
satisfactory explanation of this cannot be given, 
In other experiments not included in thi. series 
the mortality was lower when an inte: val of 
three weeks or longer existed between »artial 
occlusion of the sinus and subsequent | zation 
of this artery. We believe that the time i) terval 
was a factor in this mortality. 


TABLE 2.—Both Stages of Operation. Serial | igation 
of Arteries. Interval between Ligations Three 


Number 


Coronary Artery Ligated of Doss 


Died Survived 
Group A 


Left common, partial, 2.5 
mm. Rio eearen 

PRE og hea sap sebu nh 

Left common, partial 


Group B 


Descending ramus 
Right 

Circumflex 
Circumflex 

Right. 


Group C 


Right ne 
Descending ramus. 
Cireumflex. 


Group D 


Circumflex...... 
Right... . 


Complete occlusion of the common leit coro- 
nary artery above the septal branch carried 
out in stages was not successful, as shown in 
group D of table 1 and group A in table 2. This 
artery could be occluded to a lumen of 1.0 or 
1.5 mm. It would appear that the amount of 
blood going through such a small open! ig was 
necessary for the heart beat. The two major 
branches of the left coronary artery ex: ‘uding 
the small septal artery were complet: iy 0¢- 
cluded. It would appear that the septal | ranch 
might have been a factor in mortality a d yet 
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in th: ligation of the descending ramus the 
septa. branch was frequently included with the 
desce ding ramus and recovery occurred. 

Th highest recovery rate in arterial occlu- 
sions occurred in the dogs composing group B 
of ta. e 2. We believed that the order of occlu- 
sions vas a factor in this recovery rate. This 
order was first the descending ramus, second 
the rit coronary artery and third the circum- 
flex 1 mus. It would appear that this rotation 
was | ulowed by the most favorable circulatory 
adjus.ments after each occlusion. 

The recovery rate following complete occlu- 
sion of the descending ramus in one stage (16 
out of 17 dogs) was of special significance 
(table 4). The two-stage operation with the 
institution of the graft made this possible. The 
operation protected the heart after this artery 
was occluded. After this series of experiments 
was done this artery was ligated in 13 additional 
dogs. Out of these there were seven deaths and 
six recoveries. These experiments were done 
during a period of hot weather. The interval 
between the second stage of the operation and 
the arterial ligation was two weeks. One dog 
died when the artery was being dissected and 
before the artery was occluded. Perhaps factors 
other than the ligation of the descending ramus 
determined this mortality. 

Beck, Stanton, Batiuchok and Leiter! re- 
ported on mortality and recovery following 
ligation of this same test artery. In these dogs 
an anastomosis was made between the carotid 
artery and the coronary sinus and the sinus at 
its ostium in the auricle was either partially or 
completely occluded. Out of 10 dogs with patent 
anastomosis there were eight recoveries and 
two deaths. In the two dogs that died, deaths 
were delayed. These dogs almost survived. In 
10 identical experiments in which the graft was 
occluded by thrombosis the mortality was seven 
and te recovery was three. 

A second series of experiments was reported 
by M: Allister, Leighninger and Beck.‘ The test 
artery was ligated in 13 dogs with 12 survivals 
and o e death. At the time this report was made 
sever: dogs were kept for long term study. 
Since he report was made and since the speci- 
mens vere examined it was found that the test 
artery was ligated in 10 dogs with one death. 


The descending ramus was missed in three 
specimens. 

The total experience for ligation of this test 
artery from this laboratory was 37 dogs with 
33 recoveries and four deaths. If a recent series 
not in these tables was included, the total figure 
was 50 dogs with 39 recoveries and 11 deaths. 
This was a mortality of approximately 9 per 
cent with the lower figure and 22 per cent with 
the higher figure. Our experience with ligation 
of this test artery in over 100 normal control 
dogs was a recovery rate of 30 per cent and a 
mortality rate of 70 per cent. It was obvious 
that the two-stage operation gave definite pro- 


TABLE 3.—Survival after Successive One-Stage Liga- 
tions of Three Major Coronary Arteries—Descending, 
Circumflex, Right. 


One | Two Three 


Number of Ligations Artery Arteries | Arteries 


Total Number of Dogs...| 47 29 
Survivals 10 





TABLE 4.—Complete Occlusion of Coronary Arteries 
in One Stage 


Total 


Artery Dogs 


Survival | Dead 


Descending Ramus 17 16 
MNS 205 5 Pa a es 9 
Circumflex Ramus........ 2 


“ 


tection to the heart after occlusion of the test 
artery. 

We do not have statistical evidence to indi- 
‘ate that the operation made it possible to 
ligate all three of the major coronary arteries 
except the septal branch with recovery. Liga- 
tion of the circumflex ramus alone in normal 
dogs had a high mortality. Our estimation of 
this mortality in normal dogs was about 90 per 
cent. Allen and Laadt reported mortality of 82 
per cent within 24 hours after ligation of the 
circumflex artery at its origin.’ We never at- 
tempted ligation of both descending ramus and 
circumflex ramus in normal dogs but we would 
estimate the mortality to be 100 per cent. 


INFARCTS 


The infarcts that developed after ligation of 
one or more coronary arteries were classified as 
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Fic. 1. Photographs of hearts five months after the last coronary artery was occluded. A. Complete 
occlusion of descending ramus, circumflex ramus and right coronary artery. Only the septal branch 
was patent. There was slight fibrosis of myocardium but there was no extensive destruction and no 
thinning of the myocardium. B. Complete occlusion of circumflex ramus and right coronary artery. 
The descending ramus and the septal branch were patent. Small areas of fibrosis were present, but 
no extensive infarct. C. Complete occlusion of descending ramus, septal branch, and right coronary 
artery. The circumflex ramus was occluded to a lumen of 1 mm. With the exception of this small 
lumen all coronary artery inflow was occluded. A few small areas of fibrosis were present beneath the 
endocardium. There was no extensive infarct. D. Complete occlusion of descending ramus, circum 
flex ramus and right coronary artery. Only the septal branch was patent. There was no extensiv 
destruction of heart muscle. The specimen was discolored by injection of colored material into th 
coronary arteries. 


large, small and absent. A large infarct meas- no infaret was applied to those specim ns in 
ured approximately 4 cm. in its greatest trans- which the fibrosis was limited to discrete areas 
verse diameter. A small infarct was less exten- of about 1.0 to 2.0 mm. in diameter. Thi defi- 
sive but showed a definite area of scar. The term nition of no infaret was not strictly acc irate 
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and vas used to indicate little or no destruction 
of h art muscle. 

O* 29 specimens in which one artery was 
ligai d the infarct was large in four, small in 
thre and “absent” in 22. Of 10 specimens in 
whic. two arteries were ligated the infarct was 
larg in two, small in one and “absent” in 
seve... Of three specimens in which three major 
coro.ary arteries were ligated (all coronary 
arte ies except the septal branch) the infarct 
was large in none, small in one and “absent” 
in two. 

Of 16 specimens in which the descending 
ramus of the left coronary artery was ligated, 
the infarct was large in two, small in two and 
“absent”? in 12. Of nine specimens in which the 
right coronary artery was ligated the infarct 
was large in one, small in one and ‘‘absent”’ in 
seven. Of two specimens in which the circum- 
flex ramus was ligated the infarct was large in 
one, and ‘‘absent” in one. Four specimens are 
shown in which several coronary arteries were 
occluded (fig. 1). None of these specimens 
showed extensive destruction of the heart 
muscle. 


Discussion 


We have data from this laboratory on infarcts 
following ligation of the descending ramus of 
the left coronary artery in normal control dogs.® 
In a series of 50 dogs in which this artery was 
totally occluded at its origin in one stage there 
were 15 dogs that survived this operation. The 
infarct was classified as large in seven, inter- 
mediate in size in four and small in four. In no 
specimen was there no infarct. The conclusion 
was made that this two-stage operation pro- 
tected the heart against destruction of myo- 
cardiim after the descending ramus of the left 
coronary artery was occluded. In some of these 
protected hearts there was little or no destruc- 
tion of heart mucle following occlusion of this 
arter’. In our experience this never occurred 
innomal control dogs. No doubt the two-stage 
oper:'ion afforded similar protection to the 
myo: ‘rdium following occlusion of the cireum- 
flex 1 mus of the left coronary artery but our 
data or this artery are inadequate to make this 
state rent. The recovery rate following ligation 


of the circumflex ramus in normal dogs was 
such that a satisfactory series for the normal 
was never obtained. 


CONCLUSIONS 


1. A free vein graft was placed between aorta 
and coronary sinus. Several weeks later the 
coronary sinus was partially occluded at its 
ostium in the right auricle. Statistics on mor- 
tality from these operations and patency of 
graft were given. 

2. After this operation was done in two stages 
it was possible to produce almost total occlu- 
sion of all coronary arteries. Total occlusion of 
all coronary arteries with long term recovery 
was not accomplished but complete occlusion 
of the descending ramus, the circumflex ramus 
and the right coronary artery with long term 
recovery was accomplished. 

3. The operation did not give complete pro- 
tection against experimental occlusion of major 
coronary arteries but it afforded significant pro- 
tection. This protection was shown in reduction 
of mortality and in reduction in size of infarcts 
after occlusion of major coronary arteries. 
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Revascularization of the Heart 


Histologic Changes after Arterialization of the 
Coronary Sinus 


By Ricuarp 8. Haun, M.D., anp Maurice Kim, M.D. 


A free graft of vein was placed between the aorta and coronary sinus. Three weeks later the sinv - 
was partially occluded at its ostium in the right auricle. Blood from the aorta was made availab]» 
to the myocardium by way of the venous system. After these procedures were done a histologic 
study of the venous and arterial channels was carried out. The coronary sinus and its tributaric 

showed hyperplasia of the intima. The anterior cardiac veins showed dilatation with little or n 

hyperplasia of intima. None of the veins became occluded. Complete occlusion of major coronar; 
arteries was done. These arteries distal to the occlusion showed. medial sclerosis and atrophy. They 
did not show thrombosis. The myocardium distal to an occluded artery showed many vascular 


channels. 


N OPERATION was developed in this 
laboratory which made an additional 
source of aortic blood available to the 

myocardium.' This operation is described on 
page 801, in this issue. 

It was shown by experiment that this opera- 
tion protected the heart against occlusion of a 
major coronary artery. In view of the fact that 
this operation appeared to have therapeutic 
possibilities for patients with coronary artery 
disease, this study on the anatomy of the 
vascular system was carried out. The speci- 
mens used in this study were those upon which 
Hahn and Beck carried out multiple ligation of 
major coronary arteries.* 


MetuHop or Stupy 


This report was based upon a study of 37 speci- 
mens. A variety of procedures was carried out on the 
dogs from which these specimens were obtained. 
The two stage operation was done with an interval 
of three weeks between the placing of the graft and 
the partial occlusion of the sinus at its ostium in the 
right auricle. One or more major coronary arteries 
were ligated subsequently. Figure 1 shows the 
various areas from which sections were made. The 
sections were stained by hematoxylin and eosin 
and also by the trichrome and van Gieson-Weigert 
method. The following protocol illustrates the se- 

From the laboratory of Dr. Claude 8. Beck, De- 
partment of Surgery, School of Medicine, Western 
Reserve University, Cleveland, Ohio 

Supported by a grant from the U. 8. Public Health 
Service. 


quence of events in producing one of the specimens 
for study. (1) A free vein graft was introduced 
between aorta and coronary sinus; (2) three weeks 
later the coronary sinus was occluded at its ostium 
to a diameter of 3 mm.; (3) coronary arteries were 
ligated at intervals of three weeks to include (a) 
complete ligation of descending ramus and septal 
artery, (b) complete ligation of right coronary artery 
and (c) partial occlusion of circumflex ramus to a 
lumen of 1 mm. In this experiment thé graft was 
patent for eight months; the coronary sinus was 
partially occluded for seven months, the descending 
ramus and septal arteries were completely occluded 
for six months, the right coronary artery was com- 
pletely occluded for five and one-half months and 
the circumflex ramus was partially occluded for five 
months. Extensive occlusion of coronary arteries 
similar to that accomplished in this experiment were 
obtained in other experiments. 


RESULTS 
The Graft 


The appearance of the graft was similar in 
each specimen. The original vein had under- 
gone marked alterations so that it was difficult 
to identify intima, media and adventitia (fig. 2, 
A and B). The graft was a tube of fibrous tissue 
lined by a smooth endothelium. The media and 
adventitia were composed of collagenows and 
coarse elastic fibers. The intima consis'ed of 
normal endothelial lining beneath whic’ were 
elastic fibers and areolar connective tissu '. The 
rasa vasorum of the graft showed n arked 
intimal hyperplasia together with a dc elop- 
ment of elastic and connective tissue cells. 
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Gros: v the graft was a strong structure capable 
of wi hstanding high pressures. It usually di- 
lated .bout one-fourth of its normal diameter 
but ¢ ‘atation did not always occur. In several 
insta: ‘es the dilatation of the graft might be 
descr. ed as slightly aneurysmal, but there 
was 1. evidence to indicate that dilatation was 
progr: ssive with time. There was no evidence 
toincd. cate that a vein graft was not satisfactory 
and (iat an arterial graft should be used in- 
stead of a vein graft. 


The Coronary Vessels 


Aricries. Sections were taken in areas A, B, 
¢C, D, 8, and CV of figure 1. In general an 
artery that had been ligated showed atrophy 
of the various components of the arterial wall 
distal to the ligature (fig. 3). The adventitia 
consisted of collagenous tissue and coarse elastic 
fibers. The elastica externa was usually present 
but was always broken up by penetrating col- 
lagenous fibers. The muscle and elastic fibers 
of the media were infiltrated by fibrous con- 
nective tissue. The internal elastic membrane 
was well developed. The intima was reduced 
to a thin endothelial layer of cells. The lumen 
of these arteries remained patent even though 
the main artery was totally occluded for a 
period of six months. Patency was observed 
throughout the arterial system down to the 
smallest arterioles. The degree of medial sclero- 
sis of arteries was greatest in the larger arteries 
and least in the smaller arteries. 

Veins. The coronary sinus was dilated in 
almost all specimens. The sinus is shown in 
figure 4. The intima was thin and consisted of 
a layer of endothelium and some connective 
tissue. The media and adventitia consisted of 
scleroiic collagenous material and coarse elastic 
fibers. Muscle fibers could not be recognized 
in the media. This appearance of the sinus was 
simils * to the appearance of the graft. 

The veins draining into the coronary sinus 
prese: ted a different appearance. Marked hy- 
perp! sia of the intima was present in these 
tribu wries (fig. 2C). This appeared to be a 
hype plasia of connective and elastic tissue 
elem: \ts. In the larger veins a definite medial 
layer was present and the muscle. fibers were 
disso iated by infiltrating bands of collagenous 


fibers which appeared to penetrate into the 
intima. The adventitia contained an abnormal 
amount of collagenous tissue with elastic fibers. 

An artery and vein of approximately equal 
size are shown in figure 2D. In this illustration 
it was readily possible to recognize the intimal 
hyperplasia of the vein. The appearance of the 
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Fig. 1. Diagrams of heart. Anterior and posterior 
views showing areas from which sections were made. 


vein was much like that of an artery and the 
appearance of the artery was much like that 
of a vein. 

The anterior cardiac veins drained inde- 
pendently into the right auricle. These veins 
were not exposed to similar degrees of stasis 
and pressure. Communications between these 
two systems of veins may develop, but as a 
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rule the anterior cardiac veins did not become 
an important run-off for blood from the graft 
system. The anterior cardiac veins showed only 
some dilatation of the normal wall without 
showing any of the intimal hyperplasia of the 
coronary sinus system. The intima was a thin 
layer of endothelium (fig. 2). The external 
elastic membrane was thin and the adventitia 
was composed of collagenous fibers. 

Sections taken from the interventricular sep- 
tum showed structures comparable to those 
found elsewhere. Hyperplasia of intima was 
present in some of the veins and simple dilata- 
tion was found in others. 

Thrombosis was not found in any of the 
veins in this study of 37 specimens. This nega- 
tive finding applied to all veins; the sinus 
system and its tributaries and also the anterior 
cardiac veins and their tributaries. 


Myocardium 


The specimens showed that it was possible 
to ligate one or more major coronary arteries 
with the production of little or no gross evi- 
dence of infarction. Under the microscope, how- 
ever, areas of fibrosis were always found in the 
myocardium that had been supplied by the 
artery which was occluded even though the 
specimen did not show an infarct or areas of 
fibrosis to the naked eye. In some specimens 
there was no noticeable atrophy of the ventricu- 
lar wall and grossly the muscle appeared to be 
normal. 


REVASCULARIZATION OF HEART 


In those specimens in which a defirite jp. 
farct was present the infarcted area aj peared 
to show an unusual degree of vascularity (fg 
2F’). Many vessels were interposed in . mesh 
of fibrous scar and in such scars there \ere no 
muscle fibers regardless of the degree o! vascy- 
larity. In these scars it was almost im) ossible 
to distinguish between arterioles and hyper. 
plastic venules. In our opinion most c/ these 
vessels were venules with a marked de zree of 
intimal hyperplasia. In the periphery of an 
infarct dilated venules engorged with re: blood 
cells were consistently observed. 

The arterioles of the myocardium were nor- 
mal in all sections (fig. 5). The small arteries 
or arterioles showed none of the medial sclerosis 
observed in large arteries. The small venules 
did show changes similar to those shown by 
the larger veins. If the venules were connected 
to the coronary sinus system they showed in- 
timal hypertrophy, whereas, if the venules were 
connected to the anterior cardiac vein system 
they showed dilatation or normal structure. 


Arterialization of the Sinus, Complete Sinus 
Ligation, without Coronary Artery Occlusion 


In specimens from dogs in which this pro- 
cedure had been carried out, the degree of 
intimal hyperplasia of the veins was more pro- 
nounced than in the specimens already de- 
scribed. The condensation of elastic fibers was 


more pronounced. Complete thrombosis of 


many of the veins was found. These observa- 


Fic. 2. A. Transverse section of wall of graft eight months after placement. Note the condensation 
of collagenous and coarse circular elastic fibers marking the original adventitial and medial struc- 
tures. An endothelial membrane resting upon a thin layer of connective tissue elements probably 
represents the original intima. In addition, note the remarkable intimal hyperplasia of the vasa 
vasorum. Van Gieson-Weigert stain. 

B. Transverse section of graft with greater magnification. Van Gieson-Weigert. 

C. Transverse section of tributary sinus vein. There is a striking hyperplasia of the intima con- 
sisting predominantly of connective and elastic tissue elements. The media is dissociated by infi!- 
trating bands of collagenous fibers which seemingly penetrate into the basal layer of the intima. Van 
Gieson-Weigert stain. 

D. Transverse section of arteriole and venule of left ventricle. Note the striking difference in 
thickness of the walls of the vessels. The venule again presents the characteristic intimal hyperplasi«. 
Trichrome stain. 

E. Transverse section of anterior cardiac vein and accompanying artery. The artery had bee 
ligated proximally. The vein shows rather marked thinning of all layers. Note the medial scleros’ 
of the artery. Van Gieson-Weigert stain. 

F. Transverse section of myocardium showing an infarct. Note the abundance of small vesse 
in the sclerotic muscle tissue. 125 X. Van Gieson-Weigert. 

(The use of color in this illustration is made possible by a grant from Winthrop-Stearns, Inc., ( 
the publication fund of the American Heart Association.) 
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tions confirmed those reported by MedAllister, 


Leighninger and Beck.? Marked intimal hy- 
perplasia of veins with secondary thrombosis 
was found in those specimens in which the 


sinus ostium was completely occluded but in 


which none of the coronary arteries were oc- 



















Fic. 3. Transverse section of artery five months 


after proximal ligation. Rather extensive sclerosis of 


the medial layer is present. The intima is reduced to 
an endothelium. Van Gieson-Weigert stain. 



























Fic. 4. Transverse section of the coronary sinus 
eight months after placement of graft. The sinus is 
dilated. The intima is represented by an endothelium 
with a small band of connective tissue. There is scle- 
rosis of the subintimal layers. 175 X. Van Gieson- 
Weigert stain. 


cluded. It appeared that circulation could not 
be maintained in this system. The circulation 
was “locked,” so to speak. Blood could not 
escape into the auricle by way of a completely 
occluded sinus ostium and it could not go in a 
retrograde direction through the myocardium 
because the coronary arteries were patent and 


REVASCULARIZATION OF HEART 





a normal arterial pressure level was maini iined 
on the arterial side of the capillary bed The 
anterior cardiac veins did not develop inio ay 
adequate run-off. The blood had no place ty 
go and it would appear that movement of ‘ood 
is necessary for a blood vessel to ma: atain 
itself as a vessel. This type of vascular s° stem 
could not maintain itself as an open func ional 
system. It was given an extensive trial cover a 
period of several years in this laboratory | efore 
it was abandoned. 


Fic. 5. Transverse section of arteriole and venule 
of the sinus system. The arteriole is normal in ap 
pearance. A small venule just above the arteriole is 
dilated. The other venule reveals the characteristic 
intimal hyperplasia. Trichrome stain. 


Arterialization of the Coronary Sinus without Oc- 
clusion of the Sinus Ostium and without Oc- 
clusion of Coronary Arteries. 


In this type of experiment blood flowed from 
aorta, through graft, into sinus and into right 
auricle. In these specimens in which the coro- 
nary arteries were normal there probably was 
no retrograde flow into myocardium. The mean 
pressure in that portion of the sinus between the 
graft and sinus ostium measured 18 to 22 mm. 
Hg The venous channels from these specimens 
showed some slight dilatation but none of | hem 
showed intimal hyperplasia. 

Specimens Showing Thrombosis of Graf! and 
Sinus. In these experiments there was no flow 
through the graft and into the sinus. ‘I hese 
specimens were similar to normal hears in 
which the sinus was completely occluded \y a 
ligature. In those specimens with thron:us 
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form. ition the veins proximal to the thrombus 
were dilated without showing intimal thicken- 
ing. 'n some of these specimens the tributaries 


to the coronary sinus showed thrombus forma- 
tion. After ligation of the coronary sinus the 
presire in the sinus system rose to aortic 
leve'- and the pressure remained elevated after 
the ‘igation was done.* 


DISCUSSION 


[finite alterations in structure were ob- 
served in the coronary sinus and its tributaries 
after arterial blood was delivered into the sinus 
and the site of exit of the blood into the auricle 
was partially occluded. The principal structural 
alteration was intimal hyperplasia, occurring 
as carly as six weeks after the graft was 
placed and the sinus was partially occluded. 
In these experiments the intimal hyperplasia 
did not produce occlusion of the veins of the 
coronary sinus system. The anterior cardiac 
veins were almost always dilated or normal. 
Rarely was any thickening of intima found in 
the vessels of this system. In those areas where 
the two systems came together, veins with 
intimal hyperplasia and normal veins were ob- 
served in the same section. This was found in 
sections taken from the region of the anterior 
interventricular suleus, the interventricular 
septum and the posterior aspect of the left 
ventricle. 

Definite alterations in structure were also 
observed in arteries distal to the point of ar- 
terial occlusion. This structural alteration con- 
sisted primarily of atrophy of the media. The 
artery distal to the ligature remained patent 
and patency of a vessel suggested function. 
The patent artery with proximal occlusion no 
doult carried blood. If the artery were severed 
blood emerged from the cut end. 

Comment might be made concerning the 
cause of the intimal hyperplasia in veins as 
described in this paper. If the hyperplasia were 
due to pressure alone, one would expect. that 
hyp -rplasia would have been found in those 
spe-“mens in which the sinus had been occluded 
by . ligature or by thrombosis. Hyperplasia of 
int'na was not found in those specimens. A 
po: ible factor in the production of hyperplasia 


was pulsatile pressure. Could pulsatile pressure 
as contrasted to a more or less constant static 
pressure produce these changes? Could altera- 
tions in oxygen and carbon dioxide content of 
the blood in the venous system produce such 
alterations? An answer to these questions can- 
not be given. 

It was interesting that the vasa vasorum of 
the vein graft showed intimal hyperplasia 
whereas the graft itself did not show this altera- 
tion in structure. 

Several comments can be made concerning 
the changes in the myocardium supplied by : 
major coronary artery that had been previously 
occluded. In the area supplied by the occluded 
artery there appeared to be an increased num- 
ber of veins filled with blood. Between these 
veins were areas of scar which suggested that 
oxygen exchange requiring the thin walls of 
capillaries was not adequate to preserve the 
viability of muscle fibers. 


CONCLUSIONS 


1. Arterialization of the coronary sinus sys- 
tem, with partial ligation of the sinus at its 
ostium, produced marked alterations in strue- 
ture of the sinus and its tributaries. This altera- 
tion was primarily fibroelastic proliferation of 
the intima. This alteration in structure was 
observed after six weeks and it did not proceed 
to complete occlusion of veins. 

2. Major coronary arteries underwent struc- 
tural alterations after they were occluded by 
ligature at the origin of the artery. Distally 
the arterial wall showed atrophy with sclerosis 
of the media. 

3. The anterior cardiac veins showed little - 
or no structural change. 
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Dynamic Responses of the Right Ventricle 
following iixtensive Damage 
by Cauterization 


By ABRAHAM KAGAN, M.D. 


Previous observations that major destruction of the right ventricular walls causes but slight 
changes in venous and arterial pressures were confirmed. Furthermore, additional observations 
indicated that the compensatory reaction of the damaged ventricle to stress is diminished sur- 
prisingly little. The results are considered evidence that the cauterization procedure and others of 
a similar nature do not produce right heart failure and, therefore, would not be expected to cause 
venous congestion. The subsidiary muscular mechanism which maintains the right ventricular 
pump remains enigmatic; but evidence is submitted that the damaged right ventricle is regu 


lated independently of the left. 


EINVESTIGATIONS of apparently 
well established functions occasionally 
reveal that generally accepted concepts 

require amendment or drastic revision. This 
has recently been the case following studies on 
right ventricular function. In 1943, Starr and 
his associates,' who were interested in problems 
of right heart failure, discovered that almost 
complete thermal destruction of the right ven- 
tricle in dogs eventuated in no appreciable ele- 
vation of venous or fall of arterial pressures. 
The complementary studies of Rodbard and 
Wagner,’ who primarily stressed low pulmonary 
arterial resistance, showed that the driving 
force of right ventricular contraction is not 
necessary for maintenance of an adequate blood 
flow to the left atrium. However, the studies 
of Bakos* clearly indicated that the pulmonary 
arterial pressures and, by inference, the stroke 
volumes of the right ventricle are not signifi- 
cantly reduced after almost complete inactiva- 
tion of the right ventricular walls by cauteriza- 
tion. Two inferences might be allowable: 


From the Department of Physiology, Western Re- 
serve University School of Medicine, Cleveland, Ohio. 

This investigation was carried out during the 
tenure of a Postdoctorate Research Fellowship of the 
U.S. Public Health Service as partial fulfillment of 
work in a Training Course for Cardiovascular Inves- 
tigators (1950-51). The expenses for this investiga- 
tion were defrayed by a grant from the American 
Heart Association, Inc., to Dr. C. J. Wiggers, Pro- 
gram Director. 


1. Under resting conditions, extensive de- 
struction of the entire right ventricular walls 
does not lead to right heart failure, a fact of 
considerable clinical importance. 

2. The force expelling blood into the pul- 
monary circuit can be derived from sources 
other than contraction of the external walls of 
the right ventricle, a fact of great physiologic 
interest. The corollaries do not necessarily fol- 
low that contractions of the right ventricular 
walls are unimportant normally, or that  in- 
creased vigor of their contractions does not 
contribute to augmented stroke volumes. 

The great importance of the problems pre- 
sented warranted further experimental studies, 
first of all, to substantiate the conclusion of 
previous workers that the right ventricle can 
maintain essentially normal propulsive force 
after nearly complete destruction of the ex- 
ternal walls, second, to elucidate the subsidiary 
mechanisms by which essentially normal stroke 
volumes are possible and, finally, to test how 
the reaction of such a damaged right ventricle 
to stress differs from that of a normal one. 
The present investigation concerned itself with 
these problems. 


METHODS 
Mongrel dogs weighing between 10 and 20 Kg. 
were anesthetized with morphine sulfate, 5 mg. per 
kilogram subcutaneously, and sodium bartiital, 
about 200 mg. per kilogram intravenously. The 
chest was opened by a midsternal incision, and ‘nild 
pulmonary ventilation was maintained by an ii 'er- 
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mitter’ positive” pressure respirator. The pericar- 
dium vas slit longitudinally and the heart was sup- 
porte. in a pericardial cradle without impeding right 
atrial Iling. 

Ao ic blood pressure was recorded optically by 
mean- of a rigid cannula inserted via the left com- 
mon  otid artery until its tip just reached the 
arch -{ the aorta. The cannula was connected 
throu 1 a short length of lead tubing to a modified 
Greee manometer. Mean femoral venous pressure 
was 1 easured by periodic reading of a saline ma- 
nome -r connected to a femoral vein. Phasic 
changes in right atrial and right ventricular pres- 
sures vere recorded optically by rigid cannulas con- 
necte. by short lengths of lead tubing to Gregg 
manometers of appropriate frequency and _sensi- 
tivity. All measurements were made using the level 
of entrance of the superior vena cava into the right 
atrium as the zero reference level. In a few experi- 
ments movements of the right ventricular wall were 
recorded optically by a Frank segment capsule con- 
nected to a myocardiograph which was sutured to 
the right ventricular wall. (For technic see Tennant 
and Wiggers.*) 

In all experiments the entire free right ventricular 
wall was damaged as extensively as seemed consist- 
ent with its continued integrity by repeated appli- 
cations of the tip of a Geiger electrocautery unit. 
The desired degree of damage was achieved in ap- 
proximately one hour. Arrhythmia could generally 
he avoided by increasing the temperature of the 
cautery tip gradually from one just enough to 
blanch the epicardium to a red heat which caused 
charring. When, as frequently happened, a coronary 
vessel was severed by the cautery tip, hemostasis 
was achieved either by further cauterization or, in 
the case of larger vessels, by ligation. When cauteri- 
zation was complete the appearance of the heart was 
identical with that illustrated in a previous article 
by Bakos.2 Postmortem examinations revealed de- 
struction of the entire right ventricular wall with 
the exception of variable patches on the endocardial 
layers. It was conservatively estimated that be- 
tween 70 and 85 per cent of the entire wall was cer- 
tainly destroyed in all successful experiments. In 
order fo maintain an adequate venous return during 
this traumatie procedure a constant drip of normal 
saline was maintained through a femoral venous 
cannu'a at a rate of approximately 2 cc. per minute 
for th duration of the experiment. 

In -tudying the response of the right ventricle to 
stress it was necessary to compare in the same ani- 
mal ‘.e reactions of the damaged ventricle with 
those sf the normal ventricle previous to cauteriza- 
tion. 'nitial experiences indicated that, for this pur- 
pose, he reactions to increasing venous input were 
diffic ‘t to quantitate. Consequently, the response 
toeq ivalent stresses of increasing pulmonary resis- 
tanec’ was used. A screw clamp, so calibrated that it 
requ ed 20 complete turns of a small wheel to go 


from a wide open to a closed position, was placed 
around the pulmonary artery just distal to the pul- 
monary valves. This clamp began to compress the 
artery at about eight turns and caused complete 
obstruction at about 18 turns of the wheel, depend- 
ing on the size of the pulmonary artery. Progressive 
graded pulmonary artery occlusion to the point of 
frank decompensation was imposed in rigidly similar 
fashion both before and after traumatization of the 
right ventricle. 


RESULTS 


Hemodynamic Effects. Fourteen technically 
successful experiments furnish the basis of this 
report. The effects of progressive cauterization 
on aortic and right ventricular pressure pulses 
are shown by segments of tracings in figure 1. 
Data of hemodynamic changes in another ex- 
periment are shown graphically in figure 2. 
The results of previous investigators were es- 
sentially substantiated. Progressive cauteriza- 
tion does not significantly alter the develop- 
ment of pressure in the right ventricle; the 
small changes observed are within the range 
of variation seen over several hours in normal 
hearts. Aortic pressures are reduced moderately 
at first, but recover even while cauterization 
is in progress. Femoral venous and right atrial 
pressure show very insignificant changes. 

In table 1 are recorded the data from 12 ex- 
periments which furnished adequate data before 
and after cauterization. Thermal destruction 
of the right ventricle resulted in very small 
changes in aortic pressure. The average fall 
in systolic pressure was 9 mm. Hg, the changes 
ranging from —34 to +15 mm. Hg. Diastolic 
pressure fell an average of 10 mm. Hg, the 
changes ranging from —36 to +20 mm. Hg. 
Mean femoral venous pressure rose an average 
of 12 mm. saline with a range of —8 to +40 
mm. The average rise in mean right atrial 
pressure was 16 mm. saline, with a range of 0 
to +45 mm. Right ventricular diastolic pres- 
sure rose an average of 1.9 mm. Hg (27.1 mm. 
saline) with a range of 0 to +4 mm. Hg; while 
right ventricular systolic pressure increased an 
average of 2 mm. Hg with a range of —3 to 
+6 mm. Hg. These results on femoral venous 
and aortic pressures are also in substantial 
agreement with those reported by Starr,! al- 
though the range was somewhat wider in this 
larger series. 
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Myographic Changes in the Right Ventricle. 
In order to determine whether the right ven- 
tricular wall was contracting normally or, as it 
appeared visually, was expanding during systole 
after cauterization, simultaneous records of aor- 
tic pressure and of movements of the right 
ventricular wall were taken in five experiments. 


tion, as indicated by the drop of the curve a 
A-B. The lengthening is maintained w:til the 
end of systole, C, after which the fibers + ortey, 
as indicated by the rise of the curvy: (-). 
The typical shortening of the right ven ricyla; 
wall seen in record A is converted to ex sansion 
after cauterization (B). 
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Fic. 1. Segments of records showing effects of progressive cauterization from the anterior to the 
lateral and then to the posterior surface of the right ventricle on aortic (upper) and right ventricular 
pressures (lower). A, control; B, 15 minutes; C, 30 minutes; D, 40 minutes; F, 65 minutes, and F, 75 
minutes of electrocauterization. Note in B and C slight cardiac acceleration and decline of aortic 
pressure, increase in right ventricular diastolic and systolic pressures, with a steeper isometric 
contraction gradient, an earlier systolic peak, and slight relative abbreviation of systole. In D, E£, 
F, despite increasing destruction of the right ventricular wall, aortic pressures return toward nor- 
mal and right ventricular pressures show very slight changes. Postmortem estimate indicated that 
70 to 80 per cent of the free right ventricular wall had been destroyed. 
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Fig. 2. Plot of hemodynamic data following pro- 
gressive destruction of right ventricular wall. Slow 
continuous intravenous drip. 


Figure 3 illustrates such recordings before (A) 
and after cauterization (B). With the onset 
of ventricular ejection the normal right ven- 
tricle shortens, as indicated by the rise of the 
curve A-B. This is maintained (B-C) until 
the ventricle fills in early diastole, when the 
ventricular fibers suddenly elongate, as indi- 
cated by the sharp fall of the curve C-D. After 
cauterization, on the contrary, the right ven- 
tricular muscle lengthens during systolic ejec- 


Reactions to Stress of Increased Pulmonary 
Resistance. The responses of the right ventricle 
to equivalent increases of pulmonary resistance 
were studied in seven dogs. The curves repro- 
duced in figure 4 show the nature of the te- 
sponses before and after right ventricular dam- 
age. The control aortic pressure pulse (A) is of 
good contour with a diastolic pressure of 110, 
systolic pressure 138, and incisural pressure 
125 mm. Hg. In a cycle length of .43 second 
the duration of systole is .24 second, giving 
an 8/C ratio of .558. The corresponding right 
ventricular curve is of normal contour. The 
initial tension is 3 mm. Hg; the maximum 
pressure is 27 mm. Hg; and the S/C ratio is 
035. 

At 14 turns of the clamp wheel (B) tiiere is 
no significant change in the aortic cure, di- 
astolic pressure measuring 112, systoli: 140, 
and incisural pressure 127 mm. Hg; the 5/C 
ratio is .55. Initial tension in the right ve itricle 
has now risen to 5 mm. Hg, and the ma> mum 
pressure generated is 48 mm. Hg. Th 5/C 
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rve at Mf ratio 's .55. At 15 turns (C) aortic pressure is aortic pressures measuring 108 mm. diastolic, 
til the MM still cell maintained, the respective pressures 132 systolic, and 121 mm. Hg incisural pres- 
lorten, 

CD TABLE 1. Pressure Changes following Right Ventricular Cauterization 
cular Femoral Venous |_ Right Atrial 
ansion Estimated Heart Rate Pressure (mean) Pressure (mean) 


per cent (mm. saline) (mm. saline) 
Burn 


Right Ventricular 


Pressure (mm. Hg) Aortic Pressure (mm. Hg) 


Before After Before After Before After 


Before After | Before | After 


60 139 132 20 30 10 28 107/72 80/40 
60-70 165 161 70 110 50 95 130/95 145/95 

90 226 214 52 48 48 130/106 100/70 

75 221 183 65 40 60 105/70 118/90 
75-80 174 174 60 50 52 100/82 108/90 
75-80 183 175 50 65 | 26/0 23/2 124/97 95/63 
70-80 176 188 25 35 | 20/0 24/2 153/127 139/113 
50-60 160 209 20/0 26/4 143/114 144/121 
70-80 147 176 23/3 28/6 132/108 130/102 
80-90 196 181 36/2 34/2 133/104 120/90 
80-90 180 173 26/4 23/5 139/115 135/114 
75-85 204 214 20/3 24/4 138/120 117/102 


es 75 181 182 7 ‘ 39 bE 24/1.7 | 26/3.6 128/101 119/91 
tange 50 to 90 139 132 20 30 10 3 20/0 23/2 100/72 80/40 
to 226 to 214 to 75 to110) to 50 to 95 to 36/4 to 34/6 to 153/127 to 145/121 


Average change after burn. +1 


+12 +16 2/1.9 


—38 to +49 —8 to +40 0 to +40 —3/4 to 6/0 —34/20 to 15/—36 


vonary 


measuring diastolic, 107; systolic 128, and in- 
ntricle 


cisural 116 mm. Hg. The S/C ratio is now 
38. In the right ventricle, although initial 
tension has remained at 5 mm. Hg, the maxi- 
mum pressure has now reached 60 mm. Hg. 
The S/C ratio here, too, is now .538, which 
indicates an abbreviation of the contraction 
process. At 16 turns (D) pulsus alternans is 
noted in both curves. Aortic pressure has fallen 
- to 82/68 mm. Hg, with incisural pressure 70 
giving mm. Hg; and the S/C ratio is .516. The right 
; right ventricle shows its peak compensation with a 
. The @ pressure maximum of 78 after an initial ten- 
imum @ sion of 7mm. Hg: S/C ratio is .516, indicating 
itio is further abridgement of systole. At 163 turns 
(Z) .ortic pressures are diastolic 18, systolic 
iere is J 32, «od incisural 20 mm. Hg; the S/C ratio is 
e, di- 485. Right ventricular initial tension is 14, Fic. 3. Right ventricular myograms (upper) and 
- 140, and he maximum pressure is 34 mm. Hg; S/C aortic pressure (lower). A, normal control; B, after 
ratio is .457; ice., systole continues to shorten. cauterization. Discussion in text. 
tride @ Fift\ on minutes after the release of the pul- 
mum @ ™Ol ‘ry constriction (F), the pressure pulse sure. The S/C ratio is now .55. The right ven- 


‘ 


gc @ curs have returned to normal configurations, tricular curve, too, has returned to normal with 
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a pressure of 23/3 mm. Hg, and the S/C ratio 


is raised to .60. 


OF CAUTERIZED RIGHT VENTRICLE 


the curves of figure 1. Curves G to L in figure 


4 show the responses to the second a) nlica- 


fs 
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Fic. 4. Records showing effects of progressive increases of pulmonary arterial resistance on aortic 
pressure (upper curves) and right ventricular pressure (lower curves). Segments A-F, reactions of 
normal heart; segments G-L, reactions after cauterization. Discussion in text. 


L PULMONARY t 


PULMONARY 
V OCCLUSION 


OCCLUSION 
AS 


is* 16 
TURNS OF CLAMP WHEEL 
Fig. 5. Plot of data showing effects of equivalent 
progressive increase in pulmonary constriction in a 
normal heart and after cauterization of the right 
ventricle. AS, aortic systolic pressure; AD, aortic 
diastolic pressure; VS, right ventricular systolic 
pressure; DS, right ventricular diastolic pressure 
(initial tension). Discussion in text. 


Following this test the right ventricle was 
cauterized. The detailed changes in the pres- 
sure pulses during cauterization are shown in 


tion of progressive pulmonary constriction, 15 
minutes after the completion of cauterization. 
The control aortic pressure curve (@) is rela- 
tively unchanged in contour, the pressures 
measuring diastolic 102, systolic 130, and in- 
cisural 116 mm. Hg; the S/C ratio is .53. The 
right ventricular curve shows the earlier sys- 
tolic peak at 28 after an initial tension of 6 
mm. Hg; the S/C ratio is .53. At 14 turns of 
the wheel (H), the aortic pulse contour remains 
normal, the pressures, however, having fallen 
to diastolic 78, systolic 102, and incisural 87 
mm. Hg; the S/C ratio is .50. Right ventricular 
initial tension is 10 mm. Hg; systolic pressure 
is 50 mm. Hg; and the S/C ratio is .555. At 
15 turns (J), aortic pressures have fallen to 
diastolic 38, systolic 60, and incisural 47 mm. 
Hg; the right ventricle has reached its peak 
response at a pressure of 55/15 mm. Hg and 
the S/C ratio for both chambers is reduc: to 
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45. At 16 turns (J) the aortic pressure read- 
ine are diastolic 18, systolic 34, and incisural 
25 .m. Hg; the S/C ratio is .364. Right ven- 
tri lar initial tension is 16, maximal tension 
am. Hg; its S/C ratio declines to .318. 
63 turns (K) at the height of decompen- 
n the aortic pressures are diastolic 11, 
lic 30, and incisural 21 mm. Hg; aortic 
5( ratio has now fallen to .155. The right 
ve). ricular pressure is 33/19 mm. Hg; its S/C 
rat» is .136. The greater reduction in relative 
durition of systole after injury is obvious. 
Fificen minutes after the release of pulmonary 
constriction (L), the pulse pressure curves have 
returned to preconstriction contours and meas- 
urements, the aortic pressures measuring di- 
astolic 102, systolic 133, and incisural 120 mm. 
Hg; the right ventricular pressures measuring 
30/5 mm. Hg. The S/C ratios are .487, that is, 
materially less than before the application of 
stress. 

Comparison of aortic and right ventricular 
pressure pulses and S/C ratios at equivalent 
degrees of pulmonary resistance show that in 
this experiment the ability of the right ventri- 
cle to compensate was significantly reduced. 
Thus, in the normal ventricle aortic pressure 
was maintained in segment B through increase 
in left ventricular pressure, but fell consider- 
ably after cauterization, as shown in segment 
H. Again in segment C, the significant elevation 
of right ventricular pressure sufficed to reduce 
aortic pressure only to a slight degree, whereas 
in segment J, no further elevation of right 
ventricular pressure took place despite a 
marked elevation of diastolic pressure. The 
differential effects become very striking in com- 
parison of segments D and J. Also, in the nor- 
mal condition right ventricular pressure con- 
tinued to rise until 16 turns of the wheel in 
segment D, whereas after cauterization no fur- 
ther increase took place with 15 turns of the 
wh-el in segment J. 

'owever, in several experiments the com- 
pe: satory response of the damaged ventricle 
col esponded more nearly to the preceding re- 
sp: ise of the normal ventricle. Thus, in the 
ex: criment illustrated graphically in figure 5, 
ac ic pressures both before and after cauteriza- 
ti. began to decline after 12 turns of the clamp 


wheel, and the maximal elevation of right ven- 
tricular pressure took place with 14 turns of 
the wheel. The possibility that more viable 
muscle was present in the outer walls in these 
instances cannot be entirely excluded, despite 
careful postmortem checks of the damage. Nev- 
ertheless, the fact that nearly complete com- 
pensation was still possible after very extensive 
damage does raise the question as to the ex- 
tent that muscular contractions of the free 
wall contribute to compensatory states in the 
normal heart. 


DISCUSSION 


The results of previous investigators and 
their extension in this study, in a way, raise 
more questions than they answer. However, 
they give a clue as to possible faults in our 
methods of studying cardiac failure and may 
serve as a directive to future approaches. 

The original observations of Starr and his 
associates that almost complete destruction of 
the right ventricular walls has little effect on 
arterial and peripheral venous pressures have 
again been completely confirmed. In addition, 
the increase in right atrial pressure and initial 
tension in the right ventricle, though somewhat 
more definite, is still of a low order of magni- 
tude. 

Starr and his associates used these observa- 
tions as evidence that right heart failure, per 
se, cannot cause marked venous congestion. 
It becomes apparent from the studies of Bakos 
and the present observations that the procedure 
does not produce right heart failure, because 
destruction of the walls of the right ventricle 
spares a hidden subsidiary mechanism by which 
effective stroke volumes can be maintained 
through periodic elevation of right ventricular 
pressure. Consequently, it is highly doubtful 
whether the problem of right heart failure can 
be solved by any experimental procedure which 
inactivates or destroys only the outer walls of 
the right ventricle. The reason that experi- 
mental myocardial depression produced by 
chemical agents is generally associated with 
considerable elevation of central and peripheral 
venous pressures, whereas destruction of the 
right ventricular walls is not, may conceivably 
be found in the fact that the former also de- 
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presses a subsidiary contractile mechanism, 
while the latter procedure spares it. 

Such considerations emphasize the impor- 
tance of localizing the subsidiary contractile 
mechanism which is still able to elevate pres- 
sures in the right ventricle and pulmonary 
artery after destruction of the major portion 
of the right ventricular walls. Bakos* made 
the reasonable suggestion that contractile en- 
ergy may be produced through a pull of ven- 
tricular muscle bundles upon inactive bands in 
the right ventricle, with which they are con- 
tinuous. The idea was based on the architec- 
ture of the sinospiral and bulbospiral fibers 
which envelope the two ventricles. According 
to such a view, the pull exerted upon inactive 
right ventricular fibers during left ventricular 
systole should cause a shortening of the outer 
wall. However, myographic studies have shown 
that this does not occur; the right ventricular 
wall elongates during systole as a result of the 
elevation of intraventricular pressure created 
elsewhere. Furthermore, the concept implies 
that the systolic elevations of right ventricu- 
lar pressure accord with the force of left ven- 
tricular contractions. This, however, is not the 
case; on the contrary, inverse relations occur 
when the right ventricle contracts against in- 
creased resistance. For example, in segments 
H and T/ of figure 4, the decline of aortic pres- 
sure and reduction of pulse pressure denotes 
diminished force of left ventricular contrac- 
tion, while the right ventricular pressure 
reaches higher systolic levels. In other words, 
the activity of the damaged right ventricle is 
increased, while that of the normal left ven- 
tricle is reduced. Obviously, the activity of the 
two ventricles was maintained by separate 
mechanisms. 

As an alternate mechanism, it could be sug- 
gested that the elevation of right ventricular 
pressure is produced through contraction of 
the interventricular septum, by shortening of 
the apex-base axis, by bulging into the right 
ventricle, or by a combination of these two 
effects. The results of the experiments presented 
are consistent with such an explanation only 
if we assume that septal contraction affects 
pressure in the right ventricular cavity, but 


not that in the left. Such a result is no: im- 
possible on an anatomic basis, but specule ions 
are unwise. Experimental study of the beh vior 
of the septum and its dynamic effects rer -ains 
a challenge for future investigators. 


SUMMARY 


1. The entire outer wall of the right ven ricle 
of dogs was damaged as severely as po sible 
by means of an electrothermocautery. Thi. pro- 
cedure caused a temporary slight fall in sortie 
pressure and a slight rise in periphera! and 
central venous pressures, and in right ven ricu- 
lar diastolic pressure during cauterization. The 
changes following 70 to 85 per cent destruction 
of the outer walls were of so low an order of 
magnitude as to lead to the conclusion that a 
normal, contractile right ventricular wall is 
not necessary for the maintenance of a normal 
circulation. 

2. The reserve capacity of the damaged right 
ventricle was tested by the imposition of pro- 
gressive, graded constriction of the pulmonary 
artery before and after thermal destruction of 
the outer right ventricular wall. The, response 
to such imposed stress was impaired less than 
would be anticipated, indicating that even the 
reserve capacity of the right ventricle is not 
always reduced significantly by destruction of 
the external ventricular wall. 

3. The results of this and other investiga- 
tions indicate that right ventricular failure and 
venous congestion cannot be produced by ex- 
tensive destruction of the outer ventricular 
walls, because a hidden mechanism is spared 
which is able to maintain approximately nor- 
mal stroke volumes. The corollary follows that 
the dynamic effects of right heart failure can- 
not be studied by experimental procedures 
which inactivate or destroy only the outer walls 
of the right ventricle. 

4. The subsidiary contractile mechanism 
which maintains efficient pumping action of 
the right ventricle after destruction of its “uter 
walls has not been localized. The sugge tion 
that the energy is derived from a pull o: left 
ventricular muscle bands upon continuou but 
inactive bands of the right ventricle was not 
supported by experimental evidence. The ug- 
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mn that contraction of the interventricular 
m may be concerned still requires experi- 
al validation. 
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The Effects of Increased Intracranial Pressure 
on the Pulmonary Circulation in Relatior 
to Pulmonary Edema 


By Wiuu1am Harrison, M.D., anp AverRILL A. LizBow, M.D. 


Sudden elevation of intracranial pressure raises not only the systemic but also the pulmonary 
intravascular pressures, on occasion, sufficiently to result in pulmonary edema. At least two mecha 
nisms are concerned, that of bradycardia, and that of left ventricular failure. Evidence is presented 
that interruption of vagal inflow temporarily abolishes the first mechanism. These observations ar¢ 
considered in relation to the clinical problem of head injury. 


CLASSIC experimental study of the 
effects of increased intracranial pres- 
sure upon the systemic arterial tension 

was published by Harvey Cushing! * some 50 
years ago. More recently the observation that 
pulmonary edema often accompanies traumatic 
or spontaneous cerebral hemorrhage* has 
prompted an investigation of the consequences 
of increased intracranial tension for the lesser 
circulation. While the present work was in prog- 
ress, the publications of Campbell and Visscher 
and their colleaguest-* appeared; the results 
of their studies will be compared with observa- 
tions made in the course of the present work. 
The results of simpler experiments which have 
concerned themselves merely with the effect 
of a sudden rise of intracranial pressure in the 
production of pulmonary edema have been 
contradictory, those of Surtshin, Katz, and 
todbard? denying an association in the dog, 
while MacKay* claimed to have produced 
pulmonary edema within 30 seconds after 
applying a crushing trauma to the skull in the 
rat. Some of the contradictions may have to 
do with the divergent criteria that have been 
employed for judging the existence of pul- 
monary edema. 


METHODS 


In the present experiments dogs weighing 7 to 
20 Kg. were employed under alpha-chloralose anes- 
thesia (50 mg. per kilogram), supplemented before 


From the Department of Pathology, Yale Univer- 
sity School of Medicine, New Haven, Conn., in con- 
tract with the Office of Naval Research, as Project 
N6ori-44, Task Order XI. 


the intracranial pressure was raised by minimal 
doses of sodium Pentothal (sodium ethyl (1-methyl- 
butyl) thiobarbiturate) ; after effectively raising ten- 
sion within the skull, further anesthesia was usually 
not necessary. The choice of an anesthetic is im- 
portant, for there is considerable evidence that deep 
narcosis may diminish the tendency to pulmonary 
edema.?: '!° Chloralose seems to be chiefly a cerebral 
depressant and to interfere least with the cardio- 
vascular reflexes. 

The intracranial pressure, as well as the pressures 
in the pulmonary artery, left atrium, the femoral 
artery or aorta, and femoral vein were recorded 
optically by means of a bank of five Hamilton manom- 
eters. Polyethylene cannulas were placed in the 
systemic vessels and kept open by means of three- 
way stopcocks. Access to the lesser circulation was 
gained by applying plastic needle guides to the pul- 
monary artery and left atrium respectively by 
methods previously described," at least eight days 
prior to the experiment. At this time the thoracic 
operative wound had healed and pressures on each 
side of the pulmonary circuit could easily be ob- 
tained by inserting long spinal needles from the 
manometers into the guides through the intact skin. 
These needles were kept patent by a constant slow 
saline drip through the side arm of a three-way 
stopcock. 

Compression of the brain was achieved in various 
experiments by three different methods: (1) com- 
pression by means of a polyethylene bag, (2) intro- 
duction of Tyrode’s solution under pressure intra- 
cisternally by means of a polyethylene catheter or 
large needle, and (3) introduction of Tyrode’s solu- 
tion subdurally. The bag compression metho:! was 
first employed but was ultimately discarded. | was 
first attempted to place the bag epidurally 0 sub- 
durally at a prior operation, but sufficient { »rous 
tissue was laid down to prevent the later efi ctive 
expansion of the bag. The insertion of the bag «» the 
day of the experiment was also unsatisfacto v. It 
was possible to obtain adequate compression but 
the lateral displacement of the cerebrum an: 1m- 
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pacti n of the midbrain against the tentorium was 
consi ered to be an undesirable and unpredictable 
com) ication. Sudden death sometimes resulted after 
a ve: slight increment of pressure within the bag, 
presi iably from herniation of the brain. That local 
press re upon the brain is not necessarily transmitted 
equa y to all parts of the cranial cavity was noted 
by ( ishing! in his early work. Fluid compression 
was inally used, therefore, by one of the two 
met!. ds. This produced a more uniform compression 
but | ad the disadvantage of introducing additional 
fluid ‘nto the dog, sometimes in large quantity. The 
intra isternal introduction of the fluid with the 
needic, or even with the catheter, is fraught with 
the danger of damage to the brain during the intro- 
duction, or by some subsequent accident with dis- 
placement either into the cerebral substance, or out 
of the cisternal space. The most generally satisfac- 
tory was Cushing’s' original method, whereby a 1 
em. button is trephined from the left vertex, the 
dura opened, and a tightly fitting threaded metal 
tube is screwed into the skull. Tyrode’s solution is 
then forced through the tube to compress the cere- 
brum from a large pressure bottle regulated by a 
side-escape mercury valve. Pressure in the bottle is 
maintained at a level remarkably constant and 
regulable by keeping compressed air constantly 
bubbling through the escape valve. The pressure to 
which the solution is subjected is read on a mercury 
manometer, and recorded by means of one of the 
Hamilton manometers together with the four vas- 
cular pressures. At the end of each experiment of 
the cerebral compression type a needle is inserted 
into the cisterna magna to confirm free communica- 
tion of pressure from vertex to the perimedullary 
space. Tyrode’s solution at pH 7.4 was employed 
for the cerebral compression rather than saline, since 
in our experience saline at pH 7, when introduced 
into the subdural or subarachnoid space produced 
a progressive hyperpnea. 

The experiments were performed with a tracheot- 
omy tube in place, for it has been suggested that 
larvngospasm might lead to phases of inspiratory 
obstruction with a more negative intra-alveolar 
pressure that would favor the development of pul- 
monury edema, or phases of expiratory obstruction 
with) a high intrathoracic pressure,’: 2 and the tube 
furthermore effectively excluded the aspiration of 
sali. or other secretions from the pharynx. 

Oxygen was administered during the course of 
som: of the experiments, especially when there was 
mar ed bradycardia or bradypnea. Its use will be 
disc: ssed. 

\scropsies were performed within minutes after 
the cath of the animal. The increase in weight of 
the ‘ings that may occur pcst mortem when they are 
allo ed to remain in the thorax has been described 
by ‘urlacher."* The heart was promptly opened to 
con. :m the position of the needles that had been 
left ithin their guides, and blood was aspirated into 


a suction bottle before it had clotted. It was seen 
that a tunnel of connective tissue had formed about 
the needle guides, with obliteration of the fissures 
between the left upper and lower lobes, and that 
there were tenuous fibrous adhesions in the region 
of the wound, but without generalized obliteration 
of the left pleural space or pericardial sac. The lungs 
were weighed together with a segment of trachea 
5 em. in length, and after dissecting away the left 
auricle, trunk of the pulmonary artery, and enlarged 
bronchial lymph nodes. The lung weight was ex- 
pressed as a percentage of the body weight, the 
normal range except in the hot summer being 0.80 
to 1.20.1 The existence of congestion and edema 
was graded according to the following scale: Ques- 
tionable: 1.20-1.40, Slight: 1.41-1.60, Moderate: 
1.61-2.00, Severe: Above 2.01. Microscopie sections 
were made when the lung weights exceeded 1.20 
per cent. Even in some of the heavier lungs, the 
presence of edema was indicated not by any large 
quantity of acidophilic coagulum within the alveoli, 
but by an increase in the width of the septa and in 
the perivascular and peribronchial collars of areolar 
tissue. Similar observations were made in this labora- 
tory and elsewhere® of the pulmonary edema that 
follows the administration of alpha-naphthyl thio- 
urea (ANTU) in the dog. Only rarely was bubbling 
fluid obvious in the bronchi and trachea of the dogs 
in the present experiment. Rales also may not be 
heard, despite obvious edema post mortem. Although 
the lung weight-body weight ratio is not an entirely 
satisfactory method of detecting pulmonary edema, 
it is by far the most objective. Gross examination is 
too easily susceptible to prejudice. When edema is 
present, there is loss of the pale salmon-pink color 
of the normal lung which is replaced by dull red- 
grey, less spongy and resilient, doughy noncrepitant 
tissue. These changes were first apparent chiefly 
in the dependent portions of the lungs near the hilum, 
especially on the medial aspects. Obviously, a con- 
tribution to any increase in the weight of the lungs 
may be made by a greater content of blood. In the 
technie of preparation, almost all of the blood is 
removed from the larger vessels which are thus left. 
in the collapsed state. In retrospect, perhaps the 
best method to separate the contribution made by 
the two would be to measure the increase in iron con- 
tent in relation to the increase in total weight of the 
lung above normal. 

Since it is clear from the experiments of Cushing 
that increased intracranial pressure stimulates both 
the parasympathetic and sympathetic mechanisms, 
the effects of atropinization and cervical vagotomy 
in altering the response to the cerebral compression 
were examined. In addition, the effects of bilateral 
cervical vagotomy alone were observed without cere- 
bral compression as in Farber’s'*: 7 experiments. In 
this last group the amount of parenteral fluid was 
purposely varied. Two dogs received abundant 
saline, approximately 100 cc. per kilogram per hour, 
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while in three others saline was administered in 
smaller amounts. 


OBSERVATIONS 
Effects of Raising Intracranial Pressure 
The when the intra- 
cranial pressure is rapidly raised may be il- 
lustrated in an experiment (serial No. 4, table 


1) in which a subdural bag was rapidly ex- 
panded (fig. 1). In this experiment attempts 


sequence of events 


TaBLeE 1—Factors in Development of Pulmonary 


Edema 


ce . : . Length of Parenteral L.W. 
Serial No. Body Weight Eepaviaent Fluid BW. x< 100 
Supratentorial Bag Compression 

kg. hrs. cc./kg./hr. 
1 15.9 3.5 16 1.00 
2 13.2 1.7 7" 1.00 
3 10.4 3.0 | 76* 1.20 
4 12:2 7.0 24* 1.46 
Cisternal Fluid Compression 
5 10.0 3.0 76* 91 
6 16.8 3.5 26 94 
7 19.9 1.0 30* 97 
Ss 17.7 5.0 34* 1.00 
9 10.9 2.5 57* 1.04 
10 10.7 5.7 28° 1.30 
1] 15.9 7.0 19* 2.71 
Supratentorial Fluid Compression 
12 12.5 a8 38 .95 
13 16.6 3.7 50 7 
14 10.9 +.7 98 
15 10.4 2 56 1.01 
16 13.6 6.5 28 1.04 
17 15.2 6.2 52 1.04 
is 13.6 22 50 1.11 
19 2:2 1.5 17 1.25 
20 15.1 af 19 1.29 


Supratentorial Fluid Compression + Atropine 


21 13.5 2.0 58* .99 
22 17.9 3.0 37 1.04 
23 9.1 5.0 59 1.08 
24 12.2 5.5 55 1.12 
25 10.0 2.0 65 1.19 
26 8.6 1.0 79* 1 a 
27 9.3 2.5 i ag 1.73 
28 15.9 3.5 107 2.20 


EFFECTS OF INCREASED INTRACRANIAL PRESSURE 


TABLE 1.—(Continued) 
Supratentorial 


Fluid Compression + Vago my 
29 12.7 5.5 37 95 
30 20.4 8.0 22 45 
31 10.7 ie 89 9] 

Vagotomy 

32 20.8 5.0 6 59 
33 9.8 5.5 7 18 
34 16.6 5.0 64 1.12 
35 12.5 5.2 94 2.20 
36 7.4 5.0 132 2.30 


* Indicates estimate based on average saline in 
flow into cannulas of 5 ec./min., and, where appli- 
cable, on rate of inflow in drops per min. of Tyrode’s 
solution used for cerebral compression (1 drop of 
Tyrode considered = 0.05 cc.). 


had been made unsuccessfully for some hours 
to increase the intracranial pressure by ex- 
panding a polyethylene bag which had been 
placed epidurally at a previous operation. 
This bag was then removed and another poly- 
ethylene bag was inserted beneath the dura 
which was sewn over it. Control records \-re 
obtained (fig. 1, sect. 1). Water under pres- 
sure controlled manometrically was then in- 
troduced into the bag. A detailed protocol of 
the experiment follows: 


6:07 p.m. (fig. 1, sect. 1) With the bag uninflated 
the femoral artery pressure varied between 192/95 
and 192/78 mm. Hg; the mean left atrial pressure 
was 11.5 em. H.O, and the pulmonary artery 
pressure 46/10 to 51/16 em. H.0O. 

:20 p.m. (fig. 1, sect. 2) Bag pressure to 120 
mm. Hg. Femoral artery pressure rose at once to 
200/100-128, but without significant change in 
left atrial and pulmonary artery pressure. 

740 p.m. (fig. 1, sect. 3) Bag pressure to 160 mm. 
Hg. Within 10 seconds bradycardia appeared, 
during which the heart rate fell to 36, but there 
were alternating phases during which the heart 
rate accelerated to 72 for three or four beats. 
During the slow beats the systemic diastolic )res- 
sure was very low (30) and the pulse pressure was 
very large (systolic 174); as the heart acceler:ted 
the diastolic pressure rose to approximately 100 
while the systolic remained the same. Du:ing 
these cycles the respirations were also slow As 
Campbell and co-workers have described, at “he 
onset of bradycardia the left atrial pressure se 
at once, in this instance to a mean of 21 wit! an 
accompanying rise in the pulmonary artery Pp °s- 
sure. 
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00 ».m. (fig. 1, sect. 4) With a further increase 
in {.e pressure within the bag to 200 mm. Hg, 
the ystemic arterial pressure ranged in the neigh- 
bor vod of 200/38 and there was bradycardia 
ass ‘iated with a continued rise in the mean left 
atr :] pressure to 32. 
‘12m. (fig. 1, sect. 5) Bursts of tachycardia with 
mie pressure falling, followed by apnea. Pres- 
in lesser circulation remained elevated. 
.m. (fig. 1, sect. 6) Sudden tachyeardia, 
‘mice pressure rose to 240/132 and left atrial 
ure to a mean of 51. Mean pulmonary artery 
ure was 60. 
m. Dog going into shock. Dead at 7:26 p.m. 


SA 
Bogitomm Mg 


peed EER 


so SRS SESS 
soB8535 8 


slight rise in the mean left atrial pressure even 
before the bradycardia appears, particularly 
when there is a large elevation of the aortic 
pressure. 

The sequence of pressure changes was similar 
by whatever means the intracranial pressure 
was increased. With fluid compression there 
was less delay than with the subdural bag, 
the pressure on the medulla could be accurately 
controlled, and sudden fatal herniation of the 
brain was avoided. Bradycardia, and some- 
times apnea, was observed in these experi- 


EFFECTS OF INCREASED INTRACRANIAL PRESSURE ON CIRCULATION 


Fig. 1. Effects of increased intracranial pressure on circulation. 


This animal was exceptional, in exhibiting 
no obvious pulmonary edema, although the 
mean left atrial pressure was maintained 
above 20 em. H:O for approximately 30 
minutes, with levels momentarily reaching 51. 

In the present experiment there are demon- 
strat: two phases in the elevation of the left 
atria’ pressure. One is immediately conse- 
que’ upon the induction of bradycardia. The 
othe occurs late, in association with an ex- 
trem rise in systemic arterial pressure, and is 
pres: nably the result of incipient failure of 
the ft heart. In some instanees there is a 


ments with a rapid rise in intracranial pressure 
to levels that varied between 100 and 150 mm. 
Hg. with different animals. When the rise in 
intracranial pressure was very gradual, brady- 
cardia and apnea could be avoided, while the 
systemic pressure rose gradually in accomoda- 
tion as described by Cushing.':? The rise in 
the left atrial pressure was then in association 
with the second phase described above. 

The systemic venous pressure, recorded in 
most of the fluid compression experiments was 
observed to rise relatively slightly. This is in 
contrast to the result when fluids are rapidly 
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introduced intravenously.'*:'* Under these 
circumstances, also, the left atrial pressure can 
be made to rise to high levels, but this is ac- 
companied by a rise in the systemic venous 
pressure; it is remarkable that here the pres- 
sure in the left atrium rose much higher than 
in the femoral vein, as in the observation made 
by Yeomans, Porter and Swank,’ and in our 
own observations.*® This is probably the result 
of the relative indistensibility of the left 
atriovenous system.?! 

In summary of these observations, it may 
be said that edema of the lung, as measured by 
the objective criterion of lung weight in propor- 


TABLE 2.—Lung Weight as Percentage of Body Weight 
in Dogs with Elevated Intracranial Pressures 


L.W./B.W. X 100 





Method of Increasing} Total 3 o 
Intracranial Pressure | Number 4A vee oe & 
~$3| 32) as| = 
J ce a es S 
A —— ie “ 
de Tees a ~ IN 
Subdural Bag. 4 3 1 
Cisternal Fluid. 7 5 1 1 
Supratentorial 
Fluid 9 7 2 


Supratentorial 

Fluid + Atro- 

pine 8 5 1 1 1 
Supratentorial 

Fluid + Va- 

gotomy 3 l | 1 


Vagotomy 5 3 


te 


* Degree of ‘‘edema.”’ 


tion to body weight was only occasionally 
produced by any of the three methods when 
neither atropine nor vagotomy had been in- 
stituted (table 2). In three of 20 experiments 
there was questionable edema, in one edema 
was slight, and in only one other, where the 
experiment had been carried on for seven hours, 
was the edema severe. 


Effects of Atropinization and Vagotomy 


Since the induction of bradycardia conse- 
quent to the elevation of the intracranial 
pressure appeared to be one of the mechanisms 
associated with an immediate rise in the left 
atrial pressure, it was considered of interest to 
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observe the effects of interrupting th: vagy| 
pathways either with atropine or ly |oy 
cervical vagotomy. Observations made during 
a typical atropinization experiment (serial 
No. 27, table 1) will now be detailed. 


10:23 a.m. Dog 165. Weight 9.3 Kg. Syst: mic ay. 
terial blood sample taken: Oxygen saturat on 992 
per cent. Animal then anesthetized wit! 20 ¢. 
chloralose, 25 mg. per ec., intravenous! 

10:30 a.m. 3 ec. of 2 per cent sodium P\ atothal 
given intravenously. Cannulation of arte ial and 
venous systems of greater and lesser cir ulation 
performed. Tracheal tube placed. 

11:27 a.m. Systemic arterial blood sample: Oxygen 
saturation 94.4 per cent. Head trephined «nd con- 
nected to pressure system. 

12:33 p.m. Control record: Femoral artery pressure 
168/134 mm. Hg; mean left atrial pressure 1 mm, 
Hg; mean pulmonary artery pressure 11 mm He: 
mean femoral vein pressure 3 mm. Hg. Dog here- 
after on continuous oxygen at atmospheric pres- 
sure, via intratracheal tubes. 

12:34 p.m. Intracranial pressure raised to 100 mm. 
Hg. 

12:44 p.m. Intracranial pressure raised to 110 mm. 
Hg. Femoral artery pressure now 211/148 without 
significant changes in the other pressures. 

12:49 p.m. Intracranial pressure raised to 120 mm. 
Hg. Four minutes after the rise, systemic pressure 
was 220/148; other pressures approximately the 
same as before. 

12:54 p.m. Intracranial pressure raised to 133 mm 

Hg. The animal now showed a leakage of fluid from 

the nose and the eyes were protuberant. Almost 

immediately after this last rise in intracranial 
pressure there was an irregular slowing of the heart 

as in fig. 1, sect. 3, with swings in the femoral di- 

astolie pressure and an increase in the left atrial 

pressure. Bradyecardia then became established. 

:01 p.m. The animal suddenly became apneic. Dur- 

ing the next two minutes the heart rate was 48, 

the femoral artery pressure approximately 200/97, 

and the left atrial pressure became elevated to 

approximately 10 mm. Hg, while the mean pul- 
monary artery pressure was 12 and the femoral 

vein pressure had a mean of 6. 

03 p.m. Atropine 0.6 mg. administered intra- 

venously. The sequence of events is shown in a 

record reproduced in figure 2. Thirty seconds after 

the administration of the drug the aortic diastolic 
and systolic pressures began to rise, accompanied 
by a transient rise in the pressures in the lesser 
circulation. Tachycardia (approximately 16!) then 
occurred. Between 30 and 35 seconds aftr the 
atropine the first spontaneous respiraticn 0¢- 
curred indicated by the dip in the curves  \r the 
left atrial and pulmonary arterial pressures, | llow- 
ing which the pressures in the lesser circu ation 
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de veased while the femoral artery pressure was 
m: ntained at the very high level of 260/160. The 
oral artery pressure elevated before the admin- 
ition of atropine fell as soon as the atropine 
‘t became manifest, and while the pressures 
esser circulation were still high. 
p.m. Femoral artery pressure 222/144; left 
il pressure 1; femoral vein pressure 3. 
3 p.m. Intracranial pressure raised to 135. 
.m. Femoral artery pressure 234/152-240/170. 
At opine, 0.6 mg., administered intravenously. 
:30 p.m. Intracranial pressure raised to 145. 
:40 p.m. Intracranial pressure raised to 155. 
:42 p.m. Pronounced Traube-Hering waves. 
50 p.m. Respirations irregular with periods of 
apnea lasting as long as one minute. 
:04 p.m. Pronounced Traube-Hering waves with 
peaks at 271/193 and troughs at 193/120. Respira- 
tions irregular. Atropine, 0.6 mg., administered 
intravenously. 
:25 p.m. Intracranial pressure elevated to 165. The 
seyuence of events following this last rise is in- 
dicated in the record reproduced in figure 3. The 
portions of records taken at 2:28 p.m., 2:39 p.m., 
2:45 p.m., and 2:55 p.m. (30 minutes after the 
last rise in intracranial pressure) are shown. The 
first two records are divided into two parts, at 
the troughs and peaks of the Traube-Hering 
waves. It will be noted that pulsatile variations 
in the intracranial pressure were more prominent 
at the peaks of the Traube-Hering waves. At the 
peaks of these waves of systemic hypertension, 
the pressures in the lesser circulation tended to 
be high, but were not always in phase. There was, 
nevertheless, a general upward trend in the latter 
reaching and maintaining high levels between 14 
and 20 minutes after the last rise in intracranial 
pressure until a terminal phase 10 minutes later. 


2:30 p.m. Systemic arterial blood sample: Oxygen 


saturation 109.5 per cent in reference to hemo- 
globin. 


2:55 p.m. Animal suddenly went into shock with a 


fall in the systemic arterial pressure and died a 
few minutes later. It is interesting to note during 
this last phase that all pressures were sagging, 
except that in the femoral vein which was rising 
an exhibiting a pronounced pulse. In this animal 
the lung weight-body weight ratio X 100 = 1.73. 


A’ the end of the experiment a needle was 
intr duced into the cisterna magna and it was 
den onstrated by simultaneous records that 
the itracisternal pressure followed closely the 
leve of the intracranial pressure as measured 
in ‘1e manometer connected to the Tyrode 
bot e and supratentorial trephine opening. 
Thi indicated free communication of pressure 
abo c the tentorium with the perimedullary 


cistern. In this experiment there was a moder- 
ate degree of pulmonary edema with a lung 
weight—body weight percentage of 1.73. 

Tn each of seven experiments in which either 
atropine or vagotomy was employed the effects 
were similar. With the appearance of severe 
bradycardia and apnea the precedure rapidly 
restored respiration and there was a sudden 
tachycardia with high systolic and diastolic 
pressures, while the pressures in the lesser 
circulation quickly fell. It then became possi- 
ble to raise the intracranial pressure to much 
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2. Effect of atropine on intravascular pressures. 


MINUTES AFTER 
COMPRESSION 


Exe. ese Errecrs of increase Intracraniai Patssure on CinCuLAaTion 


Fig. 3. Vascular pressures in atropinized dog after 
cerebral compression. 


higher levels (30 or more mm. Hg higher than 
before). Ultimately, however, there was evi- 
dence of failure of the left ventricle with a 
rise in the left atrial pressure. 


Relation of Lung Weight-Body Weight Ratio to 
Pressure in the Left Auricle 


It might be expected from observations of 
vapillaries elsewhere that as the capillary 
pressure approached the onchotic pressure, 
exudation of fluid would be favored. 

All nine dogs in the fluid compression experi- 
ments (table 1, serial Nos. 5-31) in whom 
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the lung weight exceeded 1.20 per cent of the 
body weight, induced elevations of the mean 
left atrial pressure in excess of 20 em. H.O had 
existed for at least 15 minutes, with capillary 
pressure slightly in excess of this level. In the 
18 dogs with normal lung weight—body weight 
ratios, four had mean left atrial pressures above 
20 em. H.O at some time. In the bag compres- 
sion experiments all four animals before death 
showed at least transitory elevation of the 
left atrial pressure above 20 em. H,O. Usually 
this was terminal and was associated with the 
cerebral herniation that has been described. 
In one animal (serial No. 1, table 1), there was 
no pulmonary edema despite a left atrial pres- 
sure exceeding this level which had _ been 
maintained for approximately 25 minutes. 
Likewise in the report of Campbell and _ his 


Tas ie 3.—Use of Oxygen in Relation to Lung Weight- 
Body Weight Ratio 


L.W.-B.W. X 100 Os Used Oz Not Used 


<1.20 17 
>1.20 . 5 


colleagues’ not all animals with high left 
atrial pressure exhibited pulmonary edema. 


Role of Infused Fluids 


Control experiments to be reported in detail 
elsewhere”® in which Tyrode solution and saline 
were injected for a five hour period demon- 
strated (}:at no more than questionable edema 
was produced when the injection rate was less 
than 80 ce. per kilogram per hour, and that 
even at rates as great as 100 cc. there might 
be no increase in lung weight above 1.20 per 
cent of body weight, although usually in the 
five hour period moderate or severe pul- 
monary edema was produced. At the rates of 
infusions prevailing in the cerebral compres- 
sion, one might expect from observations of 
this control series a drop in the hematocrit of 
10 to 20 per cent toward the end of a five hour 
period of observation. As shown by Yeomans, 
Porter and Swank,” there would be a com- 
parable fall in the serum protein with a drop 
in onchotic pressure of 2.5 to 5 mm. Hg. 


Role of Vagotomy 


There has been controversy concerni:ig the 
role of vagotomy in itself as a possible } iecha. 
nism in the production of pulmonary <dema. 
Farber'® in experiments upon guinea | 


gs Te- 
ported development of pulmonary edem after 
ragotomy alone, but in a subsequent 1 port" 
detailing similar experiments in rabbits .t was 
found that large quantities of fluid were neces. 
sary in addition to the vagotomy. In the } resent 
series it appeared that edema developed i 1 dogs 
five to five and one-half hours after vag tomy 
only if a saline inflow approaching 100 «c. per 
kilogram per minute were administered (ible 1, 
serial Nos. 32 to 36). 

Relation of Pulmonary Edema to the Ad minis- 
tration of Oxygen. Oxygen was used in some of 
the experiments and did not prevent the de- 
velopment of pulmonary edema, as shown in 
table 3, which summarizes the data from serial 
Nos. 1-31 (table 1). It is obvious in fact that 
oxygen was used more frequently in those 
animals which ultimately developed pulmonary 
edema, in order to counteract the effects of 
the extreme bradycardia and bradypnea char- 
acteristic of the course in these animals. Thus, 
the oxygen helped to keep these animals alive 
for an interval sufficiently long to permit the 
development of pulmonary edema associated 
with the pressure changes in the lesser circula- 
tion. 

Observations on Oxygen Saturation of the 
Systemic Arterial Blood. It is stated that in 
the peripheral capillary bed anoxia is a factor 
favoring extravasation of fluid. Although 
relatively little is known of the influence of 
anoxia on the capillaries of the lung, this 
factor should nevertheless be considered in 
evaluating mechanisms of pulmonary edema. 

In contrast with the severe anoxia that 
follows deep Pentobarbital anesthesia, the 
methods used in the present series of experi- 
ments proved superior. Under chloralose «lone, 
in 12 observations, the oxygen saturatio:: was 
found to vary between 93 and 100 per cent. 
With the sodium Pentothal supplemen: the 
oxygen saturation in observations on six dogs 
was found to be as low as 89.6 per cent i: one 
experiment, but above 90 per cent i) all 
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oth: s. As a rule the oxygen saturation fell 
less ‘han 5 volumes per cent after the sodium 
Pen othal supplement, while the animal was 
bre: hing air. With oxygen breathing, the 
oxy en saturation before the development of 
pul: onary edema was usually in excess of 100 
per cent in relation to hemoglobin, rising as 
high as 110.6 per cent in one instance. 

Sx determinations of oxygen saturation 
mace Within one half hour before death of the 
animals are summarized in table 4. In three 
animals, those with the highest lung weight— 
body weight ratios, there was some reduction 
in oxygen saturation. It is evident that anoxia 
was severe in but one animal, serial No. 36. It 
was, however, greater than the recorded value 
Tanie 4.—Orygen Saturation of Systemic Arterial 

Blood in Relation to Lung Weight-Body Weight 

Ratio 


Time of O2 
Sample be- 
fore Death 


L.W./B.W. X 
100 


Oz Adminis- 


teredt Os Sat. 


min. i 


11 101.4 
30 100.0 
25 109.5 


5 88.0 
20 90.0 
5 >34.3 


* Serial numbers, as in table 1. 
++ = Animal on Oo; — = Animal breathing 
room air. 


of 34.3 per cent saturation since this animal 
had received an enormous volume of fluid, 132 
ec. per kilogram of body weight per hour for a 
five hour period, which would reduce the 
carbon monoxide capacity by about one half. 
In the calculation, the carbon monoxide 
capacity of the original preinfusion blood 
sample only was used, since the postinfusion 
apncity was not available. 


DiscussION 


These observations lead to conclusions 
difi rent from those of Campbell and _ his 
ass ‘lates, in that pulmonary edema was 
on! occasionally produced in the dog upon 
rai ng the intracranial pressure. The condi- 
tio. s of the experiment differed in that they 


employed sodium pentobarbital anesthesia, 
in the use of a balloon for increasing the intra- 
cranial pressure, and in other details. In the 
Minnesota report, moreover, the weights of 
the lungs in relation to the body weight were 
not given and the less objective criteria of 
gross and microscopic observation were the 
standards of measurement of the pulmonary 
edema. Nevertheless, in both series of observa- 
tions it was possible to demonstrate an eleva- 
tion of pulmonary capillary pressure, thereby 
establishing conditions favorable to the de- 
velopment of pulmonary edema. In the present 
experiments it was demonstrated that the left 
auricular pressure would become elevated not 
only in immediate association with brady- 
‘ardia, but also after the heart had been caused 
to labor against the extreme hypertension pro- 
duced by raising the intracranial pressure to 
high levels so slowly that bradycardia was 
avoided. 

The immediate life-saving effect of atropine 
in interrupting parasympathetic inflow was 
apparent in the present observations, as in 
those of Campbell and his associates. In addi- 
tion it was found that the animals would now 
tolerate an additional increment of 30 mm. 
Hg or more above that which had previously 
produced apnea and bradycardia, but that 
ultimately there was cardiac failure with a 
renewed increase in left atrial pressure with 
associated pulmonary edema. Thus, if the 
effect in patients is the same as in these experi- 
mental animals, atropine may provide a period 
of grace during which operative intervention 
may relieve the rising intracranial pressure. 

As the gap between the capillary blood pres-: 
sure in the lungs and the protein onchotic 
pressure becomes narrowed, it is obvious that 
additional factors tending to narrow this gap 
should be avoided. Among these factors are ex- 
cessive infusion of fluids, especially of hypertonic 
crystalloids, or protein-containing solutions, 
and any reduction in intra-alveolar pressure 
such as might be associated with obstruction 
of the respiratory tract. In fact, tracheotomy 
has been suggested in the management of 
severe head injuries where unconsciousness is 
likely to persist for more than 24 hours.” 














































































































KFFECTS OF INCREASED 


SUMMARY AND CONCLUSIONS 


Study of the systemic and pulmonary intra- 
vascular pressures in dogs suggests the existence 
of a cardiopulmonary factor in the mechanism 
of death. A striking rise in the pressure within 
the left atrium may occur by two mechanisms 
(1) in immediate association with bradyeardia 
as the intracranial pressure is elevated to levels 
ranging between 100 and 150 mm. Hg; (2) 
later, in association with an immense systemic 
hypertension resulting in accomodation to the 
rising intracranial pressure, even when this is 
so slow that bradycardia and apnea are 
avoided. Atropine, by interrupting bradycardia 
and apnea, permits an additional increment of 
intracranial pressure of 30 mm. Hg or more, 
but ultimately the left atrial pressure becomes 
elevated. Thus, the atropine provides a period 
of grace for adopting measures designed to 
lower intracranial pressure. As judged by the 
objective criteria of the ratio of lung weight to 
body weight, pulmonary edema is only occa- 
sionally produced, but especially in those ani- 
mals where the left atrial pressure is main- 
tained above 20 cm. H2O for more than 15 
minutes. Nevertheless, as the margin between 
pulmonary intracapillary and onchotic- pres- 
sure is reduced in consequence of the altered 
hemodynamics associated with cerebral com- 
pression, quantitative factors involving paren- 
teral fluid, and intra-alveolar pressure become 
increasingly important. 
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(linical Evaluation of 1-Hydrazinophthala- 
zine (C-9968) in Hypertension 


\ ith Special Reference to Alternating Treatment With 
Hexamethonium 


j,, Capratn Rosert L. Jounson, M.C.,U.S.A.F., Epwarp D. Frets, M.D., anp Haroip W. 
ScHNAPER, M.D. 


Single oral doses of 1-hydrazinophthalazine frequently lowered blood pressure particularly diastolic 
pressure in hypertensive patients. Prolonged therapy was less successful, apparently as a result 
of development of tolerance or side effects. The best long-term results were obtained when 1-hydra- 
zinophthalazine was alternated with hexamethonium. 


N 1950 Gross, Druey and Meier! reported 

on the action of a group of phthalazine 

derivatives including 1-hydrazinophthala- 
zine (C-5968) which were found to depress 
blood pressure in animals. This was confirmed 
by other investigators.2~> In contrast to the 
effect of other vasodilating agents, these phthal- 
azine compounds increased renal blood flow 
in animals as measured by Rein’s thermostroh- 
muhr. Reubi® demonstrated in man that 1- 
hydrazinophthalazine (C-5968) produced a con- 
stant increase in renal blood flow in association 
with a diminished renal resistance and a varia- 
ble reduction in blood pressure. Since this drug 
has been reported to possess these properties 
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it seemed of interest to assess the value of the 
drug in the treatment of essential hypertension. 


IMMEDIATE HyYPOTENSIVE EFFECTS OF 
AN ORAL DOSE 


The hypotensive response to 1-hydrazino- 
phthalazine administered parenterally has been 
discussed in a previous communication.’ To 
determine the immediate effects of oral ad- 
ministration the drug was given to hospitalized 
patients after allowing sufficient time for stabi- 
lization of blood pressure. The initial dose was 
50 mg., but if this amount failed to produce a 
significant hypotensive response or side-effects, 
the dosage was increased after 24 hours or 
longer by 50 mg. increments until a definite 
response was obtained. 

Sixteen hypertensive patients were studied 
(table 1). Following ingestion of 1-hydrazino- 
phthalazine the reduction of systolic blood pres- 
sure in the entire group averaged 10 per cent 
(range 0 to 32 per cent) in the supine position 
and 21 per cent (range 4 to 42 per cent) in the 
erect position. The depression of diastolic blood 
pressure averaged 16 per cent (range 4 to 42 
per cent) in the supine position and 24 per cent 
(range 4 to 50 per cent) in the erect position 
for the entire group. Thus, the percentile re- 
duction was greater in diastolic pressure than 
in systolic. 

Six of these patients were given only 50 mg. 
of 1-hydrazinophthalazine because of minor 
side effects, and it is probable that further re- 
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duction of blood pressure could have been ob- 
tained with larger dosages. Conversely two 
of the five patients given 150 mg. of the drug 
exhibited reductions of less than 15 per cent 
in both the erect and supine positions. 

The onset of action usually appeared within 
20 to 30 minutes, reached a maximum between 
30 and 120 minutes and usually disappeared 
after two to four hours. However, when dosages 
approached toxic levels, marked reductions of 
blood pressure occurred and evidence of drug 
activity persisted for as long as eight or even 
12 hours. 


significant reduction of blood pressure. In these 
patients dosages had been increased frim 50 
mg. two to four times daily to 124 or 159 mg. 
two to four times daily. 

Six patients exhibited a significant hypo. 
tensive effect in the early period of trea ment 
which, however, became less and less n: irked 
despite elevation of dosage. The followin : case 
illustrates this apparent development of toler- 
ance. 


J. J., a Negro man, age 52, with hyper: ension 
known for one year, entered the hospital bec::use of 
congestive heart failure. The nonprotein n trogen 


TaBLeE 1.—The Effect of Acute Doses of C-5968 in Hypertensive Patients 


| Arterial Pressure mm. Hg uceitan af 
atic ) 
Effect ; ‘ 
Dose mg. Side Effects 


Control After C-5968 


Hours 


| Supine Erect 
\— 


Supine Erect 


220/120 
152/95 
162/90 
150/115 
212/130 
170/ 106 
235/130 

| 185/115 

| 170/90 


230/130 | 198/100 | 175/105 
142/100 140/90 130/80 
150/90 145/82 = -115/75 
170/130 150/110 145/110 
212/125 205/125 185/120 
156/96 
200/110 
164/94 
170/84 


None 
None 
None 
None 
None 
None 
None 
None 
Severe headache, marked pal- 
pitation 
Severe headache, weax and 
faint, visual blurring 
Severe headache 
Mild headache 
Weak and faint 
Weak and faint 
Weak and faint 
Palpitation 


PHONE WWwWwhny 


160/95 


w 


| 250/155 | 240/160 170/90 


200/130 | 190/90 
180/92 
156/96 
235/140 


| 210/130 
B. F. | 190/108 
W.H. | | 194/138 
L. F. | 262/158 
we. | 215/120 | 225/140 175/85 
M. 8. | 202/140 | 210/144 190/120 


185/132 
250/162 


150/92 
240/140 
154/80 
204/114 


was 90 mg. per 100 cc. Congestion cleared following 
the use of digitalis, mercurial diuretics and salt re- 
striction, but the nonprotein nitrogen remained ele- 
vated. During one month of hospitalization under 
no specific hypotensive therapy the average blood 
pressure was 215/135. 

He was readmitted to the hospital six weeks after 
the previous discharge for a trial of 1-hycrazi- 
nophthalazine. The blood pressure was 215/145. 
The optic fundi exhibited grade III hyperte sive 
changes. The nonprotein nitrogen was 95 mg. per 
100 cc. and cardiomegaly was still present, but 
without signs of congestive failure. 

During five days of treatment with the Ken. ner 
rice and fruit diet,* the blood pressure ranged rom 


EFFEctT OF CONTINUOUS ORAL ADMINISTRATION 
OF 1-HyDRAZINOPHTHALAZINE 


Seventeen patients were treated continuously 
with 1-hydrazinophthalazine. All except two 
were outpatients. Of this number eight failed 
to exhibit a satisfactory response to the drug. 
Four developed either severe headache or pal- 
pitation after several days of treatment with 
50 mg. of 1-hydrazinophthalazine two to four 
times per day. The headache was of sufficient 
severity so that the patients refused further 
medication. The remaining four patients were 


under treatment for periods ranging from two 
weeks to three and one-half months without 


195/125 to 220/160 and averaged 200/140 (fig 1). 
An initial dosage level of 25 mg. of 1-hyd .2- 
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nopt! alazine three times per day resulted in a de- 
creas of diastolic pressure to 125 mm. Hg. The next 
day . ch dose was increased to 50 mg. with a fur- 
ther ll in diastolic blood pressure to 110 mm. Hg. 
How ver, over a period of four days the diastolic 
press ive rose gradually to a level of 130 mm. Hg 
(fig. .). On the seventh day of treatment with 
(-59. 3 the dosages were increased to 75 mg. three 
time per day; this again was followed immediately 
by 2 reduction of diastolic blood pressure to 110 
mm. [g, but by the ninth day the diastolic pressure 
agaii rose to a level of 140 mm. Hg. Again the 
dosa: » was raised to 100 mg. and again the diastolic 
press.ire fell slightly to 125 mm. Hg for the succeed- 
ing two days. The dose was then increased to 125 
mg. on the twelfth day of treatment with 1-hydra- 
zinoplithalazine but the diastolic blood pressure re- 
mained at a level of 130 mm. Hg. The nonprotein 
nitrogen was unchanged. 

Tolerance developed more quickly in this case 
than in most patients who exhibited a significant 
hypotensive effect initially. However, in this case as 
in the others the tolerance was not permanent since 
the drug was discontinued for one week and begun 
again in low dosage with hypotensive effect but with 
a repetition of the cycle of rapidly developing toler- 
ance as observed during the first treatment period 
with 1-hydrazinophthalazine. 


Three of the 17 patients apparently main- 
tained: sustained hypotensive effects while un- 
der treatment with 1-hydrazinophthalazine. All 
three of these cases were given the drug only 
twice daily. This wide spacing of doses may 
account in part for the apparent lack of toler- 
ance. The following case is illustrative. 


L. C., a 35 year old Negro woman had moderate 
essential hypertension of two years’ duration. Dur- 
ing two months of treatment with phenobarbital 
and « low salt diet, the blood pressure during eight 
visits to the outpatient department averaged 165, 
110 sitting and 155/115 erect. On the first visit 
after two weeks of treatment with 50 mg. of 1-hydra- 
zinophthalazine twice daily the blood pressure 
was 135/85 sitting and 125/90 erect. Over the fol- 
lowing seven months, while taking the same dose of 
1-hy‘razinophthalazine, the blood pressure during 
nine visits averaged 140/95 sitting and 135/95 erect. 
At t!e middle of this seven-month period while on 
place 0s for two weeks, the blood pressure during 
two isits averaged 155/110 in the sitting position 
and 50/115 while standing. 


T vo of the six patients who had exhibited 
hyp tensive responses only during the early 
per d of treatment with 1-hydrazinophthala- 
zinx also had severe renal diseasé with chronic 


uremia. In neither of these was there evidence 
of improvement in renal function as judged by 
the degree of nitrogen retention, albuminuria 
and the urinary sediment. Three patients with 
only mild renal involvement, one of which 
showed a sustained hypotensive response to 
1-hydrazinophthalazine and two a hypotensive 
response only during the early phase of treat- 
ment, reported a decrease in nocturia after two 
to four weeks of treatment. 


Sipe EFrects 


Four of the 16 patients who were given 
single doses of 1-hydrazinophthalazine devel- 
oped headaches which were severe in three 


ARTERIAL PRESSURE —MM. HG 
220 


100 


2343853 6789 ON B2BH 
DAYS 


Fic. 1. Chart of the arterial pressure and dosages 
of 1-hydrazinophthalazine in J. J., a Negro man, age 
52, with essential hypertension showing development 
of tolerance to increasing doses of this drug. See text 
for further details. 


patients. The headache usually centered in the 
occipital area and was described as being grind- 
ing and pounding in character. It usually lasted 
four to six hours and did not respond to aspirin 
or caffeine. It always was accompanied by a 
definite hypotensive effect and occurred after 
doses varying from 50 to 150 mg. 

During regular administration, when dosages 
were elevated rapidly and at short intervals 
of four to six hours, headache appeared fre- 
quently after three or four doses had been 
administered. However, when dosage was begun 
at levels of 50 mg. and increases were made 
gradually or when the doses were widely sep- 
arated, for example, by a 12-hour interval, 
headache occurred less frequently. In the 17 
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cases treated in this way headache occurred 
in four and in only two was it severe. In two 
the headache was mild and disappeared in 
one case without change in dosage, and in 
the other with slight reduction of dosage. 

Moderate tachycardia with heart rates of 
90 to 100 heats per minute was present in all 
patients in whom hypotension had been in- 
duced by 1-hydrazinophthalazine. Palpitation 
was complained of in five patients given this 
drug continuously and in two given single doses. 
Transient dyspnea accompanied by slow deep 
respirations was associated with marked re- 
ductions of blood pressure in two patients dur- 
ing the early phase of continuous therapy. 
Flushing of the face and upper extremities with 
injection of the conjunctivae occurred in about 
25 per cent of the cases during marked hypo- 
tensive reactions. Mild flushing was present 
one to two hours after medication in most 
patients. 

Dizziness and weakness occurred in four pa- 
tients after single oral doses and early in the 
period of chronic treatment in six additional 
patients. All of the side effects appeared to be 
aggravated by exertion. Postural hypotension 
occurred only following acute administration 
and was never of sufficient severity to result 
in collapse (table 1). Nausea and vomiting 
developed in two patients during chronic ad- 
ministration. One patient who had no previous 
allergic manifestations exhibited urticaria while 
under treatment with 1-hydrazinophthalazine. 


THERAPY Ustinc ALTERNATING Doses oF 1- 
HyDRAZINOPHTHALAZINE (C-5968) AND HeEx- 
AMETHONIUM (C6) 


Previous studies in this clinic’: !° confirmed 
the results of other investigators": ” regarding 
the marked hypotensive effect of the ganglionic 
blocking agent, hexamethonium (C6), in pa- 
tients with hypertension. Our observations in- 
dicated that the effects of oral administration 
of C6 were unpredicatable, apparently due to 
sporadic absorption. The hypotensive response 
following parenteral administration was con- 
siderably more uniform, but injections repeated 
more than two or three times per day were im- 
practical over a period of months or years. 
However, with an interval of 8 or 12 hours be- 
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tween injections it was observed freq 
that some escape occurred with elevat 
blood pressure during the latter part « 
injection period. 

In order to combat these fluctuations of 
arterial pressure, other agents which co ild bp 
administered orally were given midw: y bp. 
tween the doses of hexamethonium. Ex: mples 
of such agents have been veratrum vir de, |. 
hydrazinophthalazine, the dihydrogenaiod 4l. 
kaloids of ergot, N-benzyl-N-phenoxy sopr. 
pyl-beta-chloroethylamine (SKF 688-A , and 
the imidazoline compounds Regitine (C-7337) 
and Priscoline. The most effective of thes: when 
alternated with hexamethonium has been |- 
hydrazinophthalazine. 

Nine hospitalized patients who manifested g 
fluctuating type of blood pressure while re- 
ceiving injections of hexamethonium at 12- 
hour intervals were given 1-hydrazinophthala- 
zine orally midway between the doses of 
hexamethonium (table 2). Usually the patients 
were given hexamethonium at 9:00 a.m. and 
9:00 p.m. and 1-hydrazinophthalazine at 3:00 
a.m. and 3:00 p.m. The blood pressure was 
recorded in the supine position immediately 
before and one hour after each medication as 
well as at other times of day. During the 
control period prior to any medication (which 
lasted five days or longer), the average blood 
pressure for the entire group of patients was 
210/140 and the range 160/115 to 250/165. 
After regulation of the dosage of hexamethon- 
ium given alone, the average blood pressure 
was 180/120 and the range 150/105 to 215/135. 
However, all of these patients exhibited low 
pressures for the first six hours after each in- 
jection of hexamethonium. When 1-hydrazino- 
phthalazine was added the average blood pres- 
sure for the group was 165/105 and the range 
was 130/95 to 200/125. (table 2). 

The doses of 1-hydrazinophthalazine varied 
between 50 and 150 mg. The initial dose always 
was 50 mg. and this was increased depending 
upon the hypotensive response or the dev: lop- 
ment of side effects. Mild side effects occured 
in only two patients and were readily contr: lled 
by slight reduction of dosage without lo: : of 
the hypotensive response. Evidence of toler: nice 
to 1-hydrazinophthalazine appeared in fiv of 
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the eases, but was slower to develop and 

wa: not as complete as that which occurred 

wh: 1 the doses of the drug were given alone 

at ore frequent intervals. Further elevation 

of ‘osage of 1-hydrazinophthalazine or tem- 
ry withdrawal for a few days restored the 
4l hypotensive effect. 


270/170, the fundi exhibited grade III hypertensive 
changes and there was no heart failure. There was 
no significant lowering of arterial pressure during 
the sodium amytal sedation test. The blood nonpro- 
tein nitrogen was 35 mg. per 100 cc., but the maxi- 
mum urine concentration was 1.014 and the excre- 
tion of phenolsulfonephthalein was 5 per cent in 15 
minutes and 40 per cent in two hours. There was 


Tasie 2.—The Effect of Hexamethonium Alone and Later of Hexamethonium Alternated with 


1-Hydrazinophthalazine on the Blood Pressure of Hypertensive Patients* 


tients Pretreatment 


Arterial 


Period of No. of Pressure Period of 
Observation 


Observation) Observa- aoe i 


days tions Cieniaed days 
Deviation 
30. | 204 + 20 
1200+ 1 


200 + 11 
139 + 11 


220 + 17 
140 + 8 


250 + 15 
164+ 9 


220 + 13 
1344+ 8 


215 + 24 
155 + 15 
230 + 10 
135 + 6 


42 205 + 19 
135 + 9 


* All patients were hospitalized throughout the various periods of observation. 


Tl» following case is worthy of special men- 
tion :ot only because of the success of alternat- 
ing iierapy, but also because the patient il- 
lusty: tes the development of tolerance during 
the 1 se of any single agent. 


_L. +, 54 year old Negro man with hypertension 
dliseo cred two years previously, was admitted to 
the |i spital complaining of dull occipital headaches 
of si. months’ duration. Recently there had been 
nocti ia and vomiting. The blood pressure was 


Hexamethonium 


Hexamethonium and 
Hydrazinophthalazine 


Arterial 


No. of Pressure | Period of No. of Pressure 


7 mm. Hg ae ; mm. Hg 
Observa- Mean and Observation) Observa- Mean and 


Standard days tions Standard 
Deviation Deviation 


169 + 30 | 149 + 23 


111 + 18 | 98 + 15 


152 413| ; 153 + 13 


103 + 12 | 102 + 8 


149 + 14 130 + 19 
109 + 8] 94 + 13 
193 + 15 3 161 + 14 


1299 + 9 y+ 8 


200 + 31 195 + 25 
132 + 18 116+ 9 


190 + 24 187 + 16 
121 + 12 lll + 9 


1944+ 16|  « 200 + 15 
137 + 1 124 + 11 


215 + 13 185 + 18 
120 + 11 105 + 12 


50 | 160 + 22 150 + 17 
120 + 14 110 + 10 


pyuria and bacilluria, and the intravenous pyelo- 
gram revealed changes consistent with chronic pyelo- 
nephritis. Several courses of antibiotics, including 
Chloromycetin, Terramycin and streptomycin, were 
given to combat the urinary infection but all were 
uniformly ineffective in producing sterilization of 
the urine. 

While under treatment for five days with a diet 
containing 200 mg. of sodium daily, the blood pres- 
sure, which was recorded six times per day, aver- 
aged 250/165 (range 230/160 to 270/170). Anaten- 
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sol* was administered orally for five weeks in doses 
of 0.5 to 1.5 mg. four times per day. The average 
arterial pressure during this time was 190/130 (range 
150/110 to 215/160). However, during the last two 
weeks the blood pressure gradually rose to an aver- 
age level of 230/155 (fig. 2). 

1-Hydrazinophthalazine (C-5968) was adminis- 
tered orally in doses of 100 mg. every four hours 
for one day with slight reduction of average blood 
pressure from 230/150 to 200/140, but headache 
occurred and this medication was discontinued. For 
the next four weeks hexamethonium (C6), 40 mg. 
of the ion every six hours, was given with significant 
reduction of arterial pressure to an average level of 
180/130 during the first week, but then the blood 
pressure gradually rose despite increase of the doses 
of hexamethonium to 80 mg. 


AVERAGE ARTERIAL PRESSURE - MM. HG 


a a 


MEDICATIONS 

MEXAME THON. 

c- 5968 

VERWLOID 

ANATENSOL 

CCK-I79 

PRISCOLINE 
IMANATENSOL| 


' Fig. 2. Chart of the arterial pressure and types of 
drug therapy used in patient L. G., a 54 year old 
Negro man, with chronic pyelonephritis and malig- 
nant hypertension. Tolerance occurred following each 
agent used separately but was avoided when 1-hydra- 
zinophthalazine and hexamethonium were used alter- 
nately. See text for further details. 


Veriloid} was then administered alone for the 
next three weeks. The total daily dosages ranged 
from 21 to 24 mg. which were sufficient to cause 
occasional nausea and vomiting. During this period 
the average arterial pressure was 200/130. At the 
end of three weeks tolerance to Veriloid appeared 
and hexamethonium alone was resumed in doses of 
40 to 50 mg. every six hours for the next week. 
Initially there was a significant hypotensive response 
with reductions of blood pressure to a low of 150/90 
with an average of 190/120. However by the third 


* Extract of veratrum viride obtained from the 
Squibb Institute for Medical Research, New Bruns- 
wick, N. J. 

+ Extract of veratrum viride obtained from the 
Riker Laboratories, Los Angeles, Calif. 


day of this therapy tolerance again developed \ 
the average blood pressure rising to 200/135 
brief trial of Priscoline was without effect (fig. 2 

During 14 weeks of hospitalization, while un 
intensive treatment with many hypotensive ag 
there had been no sustained reduction of blood ; 
sure. Following hexamethonium, Anatensol or \ 
loid there was a temporary reduction of art: 
pressure, but none of the drugs produced susta 
responses due apparently to the gradual dev 
ment of tolerance. 

All medication was then discontinued for the 
15 days during which period the average blood | 
sure was 240/155 (range 230/150 to 260/170). |p 
quent and severe headaches soon returned. However, 
since the patient did not respond or quickly devel- 
oped tolerance to all medications he was dischaied 
on no specific therapy. 

Two weeks later the patient was readmitted 
acutely and severely ill. During the short time that 
he had been home all symptoms had become rapidly 
and progressively worse. The blood pressure was 
230/170. The fundi now exhibited papilledema of 
three diopters. There was mental confusion, severe 
headache, vomiting and pulmonary congestion with 
dyspnea and orthopnea and the nonprotein nitro- 
gen was 50 mg. per 100 cc. 

Because of the previous experience demonstrating 
an apparent development of resistance to all hypo- 
tensive agents when used continuously it was de- 
cided to use various drugs in rotation, so that no 
single agent was used twice in succession, in an 
attempt to forestall the development of tolerance. 
The doses of the drugs used were 25 to 50 ing. of 
hexamethonium ion intramuscularly, 25 to 150 mg. 
of 1-hydrazinophthalazine (C-5968) orally, 0.3 mg. 
of mixed dihydrogenated alkaloids of ergot (CCK- 
179)* intramuscularly, 0.25 to 0.50 mg. of Anatensol 
intramuscularly and 50 mg. of Priscoline crally. 
These were given at six-hour intervals in various 
rotations so that no single agent was administered 
more frequently than once every 24 hours. Sodium 
restriction to 200 mg. daily was continued. 

Initially dosages of these substances (C6, C-5968, 
Anatensol and CCK-179) were administered in that 
order at six-hour intervals. There was a pronounced 
fall of arterial pressure from the admission level of 
230/170 to an average level of 175/120, accompanied 
by marked clinical improvement. After several clays 
it was noted that the greatest reduction of arterial 
pressure occurred after injection of hexamethonium, 
whereas the poorest responses were observed to fol- 
low the ergot preparation and Anatensol. Hence, the 
latter agent was replaced by a second injection of 
hexamethonium. Over the five-week period that 


* Mixed dihydrogenated alkaloids of ergo! ob- 


tained from Sandoz Pharmaceuticals, New \ ork, 


N.Y. 
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the.» two treatment programs were used the blood 
pre--ure averaged 180/125 and ranged from 130/90 
to 0/130. When hexamethonium was given alone 
at | hour intervals for one week, the blood pressure 
ave ged 200/135 and ranged from 150/100 to 
240, '45. Then 50 to 100 mg. of 1-hydrazincphthala- 
zin orally and £0 mg. of hexamethonium were 
giv ) alternately at six-hour intervals with further 
red: -tion of average arterial pressure to 185/115 
(rar ce 140/105 to 220/140). This level was main- 
tain d for four weeks and again, while administering 
hex: nethonium alone at 12-hour intervals, the blood 
pres-ure became elevated to an average of 205/130 
(ranze 170/110 to 235/145). When 1-hydrazino- 
phtlalazine was resumed midway between doses of 
hexumethonium there was again a fall in average 
arterial pressure with diminished fluctuations. 

This intensive treatment program utilizing hypo- 
tensive agents alternately has now been continued 
for nearly four months with a sustained satisfactory 
response even after discharge from the hospital. 
Soon after institution of treatment there had been 
rapid improvement in all symptoms and in pulmo- 
nary congestion and by the end of two months 
there was complete regression of the papilledema. 


DISCUSSION 


Although single oral doses of 1-hydrazino- 
phthalazine frequently were followed by a sig- 
nificant hypotensive response the usual result 
of continuous therapy was the progressive de- 
velopment of tolerance as observed previously 
by Grimson and co-workers." Increasing doses 
of 1-hydrazinophthalazine restored the hypo- 
tensive response at least partially but over a 
period of several weeks tolerance was marked 
even with amounts three to four times as great 
as those used initially. 

This resistance to the hypotensive effect of 
the drug was not lasting, however, and sensi- 
tivity to the initial small doses of 1-hydrazino- 
phthalazine could be restored by omitting the 
medication for one week. In addition it was 
apparent that the greater the interval between 
doses the less marked was the degree and the 
more delayed the development of such resist- 
ance 

O\ er long periods in the treatment of hyper- 
tension, tolerance in varying degree has de- 
veloned following almost all hypotensive 
ages, including sodium nitrite," veratrum 
viric »,!° the dihydrogenated alkaloids of ergot,!* 
Pris: line and Regitine,” SKF-688A, and hexa- 
met! onium.'? Because of this phenomenon we 


have leaned increasingly toward the concept 
that effective long-term chemotherapy of es- 
sential hypertension using presently available 
agents must utilize these drugs alternately. 
This rotation might prevent or at least allay 
the development of a significant degree of toler- 
ance. The most effective of these combinations 
in our experience has been 1-hydrazinophthala- 
zine alternated with hexamethonium. In many 
of the cases receiving hexamethonium alone 
twice per day (in the morning and at bedtime) 
the greatest elevation of blood pressure oc- 
curred in the evening whereas the effect of the 
dose taken at bedtime frequently carried over 
until next morning. In these cases 1-hydrazino- 
phthalazine was given only once per day, in the 
midafternoon, and thus the necessity for awak- 
ening to take the drug at 3:00 a.m. was ob- 
viated. 

In many instances tolerance to hexamethon- 
ium can be overcome by progressive elevation 
of dosage. Hence, it is possible in some cases 
to maintain a sustained hypotensive effect by 
using large oral doses of hexamethonium fre- 
quently administered. But such complete and 
lasting autonomic blockade also induces in 
varying degree gastrointestinal atony, paralysis 
of visual accommodation, disabling postural hy- 
potension, lethargy and impaired cerebration, 
impotence in the male, shivering in a cool 
environment due to failure of cutaneous vaso- 
constriction, loss of bladder tone and cessation 
of salivary secretion. Although some of these 
effects can be partially controlled with the use 
of parasympathomimetic agents such as Ure- 
choline,’ many of these patients are unable 
to carry on a normal existence. Thus, although 
a sustained hypotension is attainable in some 
instances by oral administration of large doses 
of hexamethonium, such intensive treatment 
may on occasion produce fatalities!® and fre- 
quently induces disabling side effects. There- 
fore, in long-term therapy it has seemed more 
desirable and considerably safer to produce 


intermittent rather than continuous ganglionic 
blockade supplementing and prolonging the 
hypotensive effect with 1-hydrazinophthala- 
zine. 


In addition to its synergistic effect when used 
with hexamethonium, 1-hydrazinophthalazine 
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also appeared to have an additive effect when 
given with veratrum viride. Three patients in 
whom the control of blood pressure was un- 
satisfactory using veriloid alone obtained an 
improved hypotensive response when 1-hydra- 
zinophthalazine was added once or twice daily."® 

The side effects produced by 1-hydrazino- 
phthalazine appeared to be related to the dos- 
age level and also to the frequency of adminis- 
tration. Doses of this drug (C-5968) which 
produced a profound hypotension also were 
most likely to be associated with side effects, 
particularly headache and palpitation. If treat- 
ment was initiated using doses of 25 to 50 mg. 
and increased over a period of a week to the 
most effective range these undesirable reactions 
were minimized. They also were seen much 
less frequently when the dosage interval was 
no less than 12 hours and especially when 
treatment was alternated with hexamethonium. 

In addition to increasing renal blood flow, 
1-hydrazinophthalazine appears to have other 
desirable attributes, including effectiveness by 
the oral route of administration, absence of 
serious toxicity and ability to lower diastolic 
as well as systolic blood pressure. As to the 


ultimate place of 1-hydrazinophthalazine in the 
therapy of essential hypertension, it is sug- 
gested by these studies that the drug probably 
is of greatest value when used in conjunction 
with other agents, particularly when alternated 
with hexamethonium. 


SUMMARY AND CONCLUSIONS 


1-Hydrazinophthalazine (C-5968) was ad- 
ministered to a series of hypertensive patients 
with the following results: 

1. Single oral doses of 50 to 150 mg. resulted 
in a significant reduction of blood pressure, 
especially of diastolic pressure, in 12 of 16 
patients tested. Moderate postural hypotension 
occurred in 15 of these cases. 

2. Attempts to maintain a significant reduc- 
tion of arterial pressure by frequent administra- 
tion of the drug usually led to the rapid de- 
velopment of tolerance. The latter could be 
partially overcome by (a) increase in dosage, 
(b) prolonging the interval between doses, and 
(c) omitting the medication entirely for a period 
of one week. Persistent reductions of arterial 


pressure over prolonged periods were r.rely 
attained with 1-hydrazinophthalazine aloi ec. 

3. Side effects, observed inconstantly — ip- 
cluded severe headache, tachycardia with) pal- 
pitation, flushing of the skin, dizziness and 
weakness, and rarely, dyspnea and nause: and 
vomiting. Such reactions could be mini ized 
by gradual increases in and wide spacin. be- 
tween dosages of 1-hydrazinophthalazine 

4. 1-Hydrazinophthalazine (C-5968) was 
most effective when used alternately with ther 
hypotensive agents, particularly with hey ame- 
thonium (C6). Such intermittency of dosage 
appeared to minimize the development both 
of side effects and of tolerance and resulted 
in a greater and more sustained reduction of 
blood pressure than when either agent was 
used alone. 


REFERENCES 


1Gross, F., Drury, J.. AnD Metrr, R.: A new 
group of depressor substances with a special 
type of effect. Experientia 6: 19, 1950. 

* Craver, B. N., anpD YONKMAN, F. F.: Some phar- 
macological properties of 1-hydrazinophthala- 
zine, a hypotensive agent. Federation Proc. 9: 
265, 1950. . 

3WaLkerR, H. A., Witson, S., Atkins, E. C., 
GarrETT, H. C., anp RicHarpson, A. P.: The 
effect of 1-hydrazinophthalazine and _ related 
compounds on the cardiovascular system of 
dogs. J. Pharmacol. & Exper. Therap. 101: 368, 
1951. 

4 Britton, J. B., Taytor, J. P., ann AHLQUIST, 
R. P.: Cardiovascular actions of 2,3-benzo- 
diazine-4-hydrazine (C-5968). Federation Proc. 
10: 282, 1951. 

5 Moyer, J. A., aNnp Hanbury, C. A.: Renal fune- 
tion and systemic blood pressure changes fol- 
lowing the administration of hydrazinophthala- 
zine. J. Lab. & Clin. Med. 36: 969, 1950. 

® Revust, F.: Influence of some peripheral vasodila- 
tors on renal circulation. Helvet. Med. Acta 16: 
297, 1949. 

7 Frets, E. D., AND Finnerty, F. A., Jr.: Suppres- 
sion of vasomotor reflexes in man following 
1-hydrazinophthalazine (C-5968). Prov. Soe. 
Exper. Biol. & Med. 75: 23, 1950. 

8 KemMPNER, W.: Treatment of hypertensive vascu- 
lar disease with rice diet. Am. J. Med. 4: 549, 
1948. 

* Frets, E. D.: Methonium compounds in iyper- 
tension. Letter tothe editor. Lancet 1: 90! 1951. 

10__. FYNNERTY, F. A., JR., SCHNAPER, H. \\. AND 
Jounson, R. L.: The treatment of hypert nsion 
with hexamethonium. Circulation. 5: 20. 1952. 





ine- 
fol- 
ala- 


lila- 
16: 


yres- 
ving 
Soc. 


SCU- 
549, 


per- 
951. 
AND 
ision 
952. 


R. L. JOHNSON, E. D. FREIS AND H. W. SCHNAPER 841 


Ry rau, P. A., AND Smirk, F. H.: The treatment 
‘hypertension with hexamethonium. New Zea- 
nd M. J. 49: 206, 1950. 
‘,:.PBELL, A., AND RopertsoN, E.: Treatment of 
vere hypertension with hexamethonium bro- 
ide. Brit. M. J. 2: 804, 1950. 
ison, K. 8., Currrum, J. R., anp Mercatr, 
_ H.: Actions of 1-hydrazinophthalazine (C- 
; 168) on vasomotor reflexes and hypertension 
dogs and man. Federation Proc. 9: 279, 1950. 
4 Go. pMAN, L., AND GitmMaNn, A.: The Pharmaco- 
gical Basis of Therapeutics. New York, Mac- 
millan, 1941. P. 558. 
i Frias, E. D., aNpb Stanton, J. R.: A clinical 
evaluation of veratrum viride in the treatment 


essential hypertension. Am. Heart J. 36: 723, 
1948. 

16 MorsTerR, F. A., Stanton, J. R., anp Frets, E. D.: 
Observations on the development of tolerance 
during prolonged oral administration of dihy- 
droergocornine. J. Pharmacol. & Exper. Therap. 
96: 21, 1949. 

1 Preis, E. D., Finnerty, F. A., Jk., AND WALSH, 
W. B.: Treatment of severe essential hyperten- 
sion. M. Clin. North America 34: 1741, 1950. 

-, Jounson, R. L. anp Scunarer, H. W.: Un- 
published data. 

19 Hinson, C., AND Kexsatu, A. R.: Methonium 

Compounds in hypertension. Letter to the edi- 
tor. Lancet 260: 585, 1951 


18 





Cation Exchange Resin in the Treatment of 
Congestive Heart Failure 


Il. Clinical Effectiveness and Chemical Complications 
during Prolonged Periods of Use 


By W. C. Kurncensmitu, Jr., M.D., ano J. R. Evxinton, M.D. 


Thirty-four edematous cardiac patients who were being treated with cation exchange resin we 
studied for its long term effectiveness and for clinical and chemical complications. In 23 of 27 p:.- 
tients the resin was effective in terms of mobilizing edema fluid previously refractory to other forn’s 
of treatment, of partial or complete substitution for mercurial diuretics, and of permitting a sliglt 
increase in the salt content of the diet. Gastrointestinal intolerance was the chief clinical complica- 
tion but prevented therapy in only five patients. Chemical complications of sodium depletion, 
potassium depletion or excess, and severe chloride acidosis were not seen. 


N THE preceding paper! data were pre- 

sented concerning some of the electrolyte 

exchanges which result from the use of 
cation exchange resin in edematous cardiac 
patients. It was shown that resin will increase 
the fecal excretion of sodium and potassium, 
and that in certain patients, previously re- 
fractory to treatment with mercurial diuretics, 
the addition of resin therapy appeared to 
cause the elimination of their edema. This 
loss of edema resulted from increased urinary 
as well as fecal excretion of sodium. These 
studies, however, gave no information concern- 
ing the clinical effectiveness of the administra- 
tion of resin to such patients over a prolonged 
period of time, or of the possible complications 
of such therapy during its long-term use. It 
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is the purpose of this paper to supply such 
information. 


EXPERIMENTAL MATERIAL 


Observations were made on a total of 34 patients 
with peripheral edema due to congestive heart 
failure. The etiologies of the heart disease in these 
patients were as follows: chronic rheumatic disease, 
15; hypertension, 10; arteriosclerosis, 7; and syphilis, 
2. In 27 of these patients resin therapy was con- 
tinued long enough to evaluate its long-term effec- 
tiveness, the maximum period of treatment being 62 
weeks and the average period being 26.4 weeks. The 
remaining seven patients of the total series are in- 
cluded in order to give a fair picture of patient 
tolerance to the preparation. 

The 27 patients in whom long-term therapy with 
resin was evaluated are placed in three classifications 
for purposes of analysis. Class I is made up of 16 pa- 
tients in whom congestive heart failure persisted 
despite intensive treatment by standard methods. 
These methods included digitalization, sodium dep- 
rivation (below 500 mg. daily in most cases), fre 
quent administration of mercurial diuretics, and 
restricted activity including a period of bed rest in 
the hospital during the initial period of study. Class 
II consisted of five patients who had been main- 
tained in an edema-free state on an 800 to 2/00 mg. 
sodium diet by the administration of digitalis and 
mercurial diuretics. Class III included six edema- 
tous patients who were on digitalis but wo were 
unable to take mercurial diuretics due to se: sitivity 
to the drug. Besides the 27 patients included in these 
three classes, seven patients are tabulated «s class 
IV who were unable to tolerate the resin over a 
prolonged period or who were not followed closely 
enough to permit adequate evaluation. 
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MeEtTHOD oF StupDy 


Ca on exchange resin was administered to these 
patie: sas a mixture of ammonium and potassium 
forms in a 3:1 ratio.* In all but a few patients the 
daily ‘osage was 45 Gm. divided into three equal 
parts Che resin was suspended in a liquid vehicle of 
the } tient’s choice and was taken just before, 
durin. or just after meals as preferred. The po- 
tentis hazard of calcium depletion was met by add- 
ing cs cium in the form of three glasses of whole or 
dialyz d milk per day, or 3 Gm. of calcium gluconate 
(in on’ patient who was unable to tolerate milk). A 
mixed vitamin preparation was added because of the 
possib ity of vitamin depletion. 

Except for occasional periods of hospitalization, 
these patients were studied in the outpatient clinic. 
Positive results are therefore more significant than 
negative results although every effort was made to 
ascertain whether or not the patient was following 
the preseribed regimen. The clinical effectiveness of 
the resin therapy was assessed as effective, equivocal, 
or ineffective in a qualitative manner as follows. 
Resin therapy in patients in class I (edematous 
despite all other therapy) was judged to be effective 
if its addition to the other therapeutic agents re- 
sulted in a diminution of the edema. In class IT (pa- 
tients maintained in an edema-free state by digitalis 
and mercurials) the resin was considered to be effec- 
tive if it was successfully substituted in part or in 
whole for the mercurial diuretics. In both classes I 
and II An increase in the salt content of the diet 
without concomitant fluid retention was taken into 
account in judging effectiveness of the resin. In 
class III (patients with edema and with sensitivity 
to mercurials) the resin was judged to be effective if 
the edema diminished. 

Clinical complications were watched for and are 
recorded. Chemical complications were assessed 
primarily in terms of changes in concentrations in 
serum and whole blood of electrolytes and urea 
nitrogen, respectively.t In the early stages of the 
study, serum concentration of sodium, potassium, 
chloride, and total carbon dioxide content were 
determined every one or two weeks. In the later 
stages these determinations were made at somewhat 
longer intervals. The serum calcium concentration 
was determined periodically in some of the patients. 


*Tho resin mixture given to these patients was a 
carbox) li¢ resin in the ammonium and _ potassium 
eyele in the ratio of 3:1, each 45 Gm. containing ap- 
proxim: tely 60 mEq. of potassium. It is marketed 
under t .e trade name Resodee, and was supplied for 
this stu. ly through the courtesy of Smith, Kline, and 
French Company, of Philadelphia. 

+ Tl. chemical methods used are the same as in 
the pre eding paper.! 
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RESULTS 


The results are presented in tables 1 and 2 
and in figures 1 to 3. 


Clinical Effectiveness 


The effectiveness of the resin therapy in the 
27 patients in classes I to III is summarized in 
table 1. In class J the treatment was consid- 
ered effective in 13 patients, equivocal in two, 
and probably ineffective in one. In the effective 
group the introduction of resin into the thera- 
peutic regimen was followed by a loss of edema, 


TaBLe 1.—Clinical Effectiveness and Duration 
of Resin Therapy 


Class 
a Total 
II 
Iffectiveness 
Effective 
Equivocal 
Ineffective 





Total... 


Duration of Therapy 


Minimum, weeks... 2 
Maximum, weeks 59 
Average, weeks...... 20.5 


TaBLeE 2.—Clinical Complications* 


Constipation: 66.6 6.6600s. 
Hemorrhoidal bleeding... eat 
Abdominal cramps and/or diarrhea 
Anorexia or nausea without vomiting. . 
Vomiting 

Muscle cramps...... 


* Twenty of the 34 patients in classes I to IV had 
these complaints. Resin therapy was interfered with 
in 11, and permanently discontinued in 5 patients. 


and later by reduction in mercurial dosage. 
In most of the cases it was also possible to 
discontinue the severe dietary restriction of 
sodium and to allow the use of a more easily 
prepared “low salt’ diet containing an esti- 
mated 800 to 1600 mg. of sodium per day. The 
clinical course of one of the patients typical of 
this group is shown in figure 1. Of the patients 
rated as showing an equivocal response to 
resin, one had an encouraging early response to 
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the resin but was forced to discontinue it be- fective in five patients and equivocal i. one 
cause of gastrointestinal intolerance; the other patient. The results were dramatic ij, 
improved symptomatically but required the anasarcous patient who lost 21 Kg. of \ 
same amount of mercurial diuretic and sodium in one month. The case classified as eq 
restriction as before resin therapy. The one was the patient in whom therapy was 

patient classed as ineffective developed gastro- discontinued because of gastrointesti: 
intestinal intolerance, stopped the resin, and tolerance and who was suspected of 

died shortly afterward of progressive cardiac to take the recommended dosage of 
failure. 


one 
eight 
vocal 
inally 
tl in- 
ailing 
resin. 
Of the 27 patients in classes I, II aid II] 


In class II (patients maintained in a com- treated for an average period of 26.4 veeks, 


pensated state by digitalis and mercurial the resin appeared to be effective as an a |junet 


Patient J.W., SSW, Hypertensive heart disease 
Therapy 


Hg 2 
cc/week a] LS mercuriol diuretics (Hg) Lo oe oe 2 aieeies wn 
0 NHaCl 3 gm/doy ] 
No 
gm./doy 


Resin i 


gm./doy NH, +K_ Resin 45 gm. / day 


Thorocenteses 


Weight 


| aes 
‘Si ‘|e sss 


Week of study O 4 8 12 16 20 24 40 ag 


Fic. 1. An example of the prolonged use of cation exchange resin as an adjunct to the treatment 
of the edema of congestive heart failure. The elimination of the edema during the period of weeks 4 
to 9 would appear to be the result of a number of factors including a reduction in dietary sodium, 
the performance of thoracenteses, and the institution of ammonium chloride, as well as of resin 
therapy. On these last two medications, however, the patient was maintained in an edema-free 
state up to the forty-sixth week of study with a2 Gm. sodium diet and with a marked reduction in 
the weekly dosage of mercurial diuretics. 


diuretics) the resin was considered effective in all to, or partial substitute for, other therapy in 

five patients in terms of completely or partially 23 patients. 

replacing the mercurials. Three of these pa- iy ae 

tients have been followed for more than a year Clinical Complications 

on resin and have required only infrequent The clinical complications in the 34 patients 

doses of mercurial diuretics. In the two patients in classes I through IV are summarized in 

followed for somewhat shorter periods the table 2. 

resin appeared to be a completely adequate Gastrointestinal intolerance was the princi- 

substitute for the mercurials. In one of the pal type of complication. Increase in the size 

patients in this class repeated attempts were and firmness of the stool was noted by almost 

made to increase the dietary intake of salt all the patients. Constipation causing « com- 

from approximately 800 mg. of sodium to ap- plaint on the part of the patient was ol! served 

proximately 2400 mg. of sodium per day; each in only seven cases. Hemorrhoidal b'veding 

time the accumulation of edema fluid promptly occurred in two patients and was of su ‘icient 

occurred. severity in one of these to require tem. :orary 
In class III (edematous patients who were discontinuation of the therapy. Abd minal 

sensitive to mercurials) the resin was ef- cramps with or without diarrhea were oted 
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one @ in sic patients and were sufficiently severe to 

one MM nece sitate discontinuation of therapy perma- 
eight nent y in two, and temporarily in three pa- 
vocal tients. Anorexia or nausea without vomiting 
nally were observed in nine patients and in two of 
| in- thes’ were sufficiently severe to stop the 
iiling ther: py. Two patients vomited the resin when 
‘esin. initi: ly administered and so could not be 
1 Il @ treated. 
eeks, Muscle cramps occurred occasionally in two 
junct paticats; one of these had had more severe 

cramps following mercurial diuretics. 


incidence of such complications are presented 
as follows. 

Sodium depletion with concomitant periph- 
eral vascular collapse and renal failure was 
looked for as a possible result of overtreatment 
with resin. Since this condition in cardiac 
patients, commonly called the “low salt syn- 
drome,” is usually accompanied by hypona- 
tremia,*: 4 the cardinal chemical index was the 
serum concentration of sodium. In figure 2 the 
distribution of 101 determinations of this value 
obtained during resin therapy in 23 patients is 
Serum conc. of: 


Sodium Potassium 


A. Normal subjects 


B. Cardiacs 
before 23 determ. 
resin : + IBpatents 


21 determ 
in 


2t patents 


C. Cardiacs 
on » 1Ol determ 


n 
resin 23 patients 


98 determ 


in 
23 patients 


meq per titer 120 130 140 150 3.0 40 50 60 


Fic. 2. Distribution curves of the serum concentrations of sodium and potassium in edematous 
cardiacs before and during resin therapy. The distribution of levels in 21 normal subjects is 
shown at the top of the figure; the dotted lines represent 2 standard deviations from the mean 
of the normal group. The mean concentration of sodium is higher and that of potassium lower 


in the cardiacs during resin therapy than before such therapy. 
tients 


ad in 


rinci- 
e size 
most 

com- 
erved 


eding | 


icient 
orary 
minal 
roted 


Thus, of the total group of 34 patients, 20 
displayed one or more undesirable effects of 
resin therapy. Such therapy was interfered 


with in 11, and permanently discontinued in 
five patients. 


Chem cal Complications 


Frm the observations reported in the pre- 
cedin : paper and by other investigators as 
well, certain untoward biochemical effects 
migh be anticipated from the prolonged use of 
catio, exchange resins.2 Data bearing on the 


compared with that of 23 determinations in 
18 of the same patients before resin therapy 
as well as with the distribution of such de- 
terminations in 21 normal subjects. The mean 
level of serum sodium before resin therapy was 
clearly lower than that of the normal group, 
which is in agreement with the observation 
made in a previous series of edematous cardiac 
patients receiving mercurial diuretics.® On resin 
therapy, however, the mean serum level of 
sodium was higher, not lower, than before 
therapy, and only four values were 130 mEq. 
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per liter or below. The small proportion of de- 
terminations in this range, which is associated 
with the “low-salt syndrome,” the virtual 
absence of severe azotemia (see below), and 
the failure to observe clinical signs and symp- 
toms of peripheral vascular collapse’: * are 
strong evidence that sodium depletion was not 
a serious complication in this series of patients. 

Potassium deficit and excess are possible 
complications in view of the known capacity 
of the ammonium cycle resin to remove potas- 


Chloride 


A.Normal subjects 


B. Cardiocs 


minations was lower than before  thorapy; 
only three values were below 3.5 mF ). per 
liter and none were above 6.0 mEq. pe: liter, 
Hypo- or hyperkalemia were not, thevefore. 
frequent complications of resin ther: py jn 
this group of patients, and insofar as the serum 
level reflects the cellular stores of tle jon. 
deficit or excess of total body potassi: m did 
not occur to a serious extent. There were no 
clinical signs of changes in potassium : oncen- 
tration. 


befere ; 26 determ ; ' 22 determ 


‘ n 
resin ' 2! potents ' c 18 potients 


C. Cardiocs : : 
on BE determ ' 5 88 dererm 


n 
resin 22 potrents ; 22 patients 


mea per 80 
ter 


Fic. 3. Distribution curves of the serum concentrations of chloride and total carbon dioxide 
content in edematous cardiacs before and during resin therapy. The distribution of levels in 18 
normal subjects is shown at the top of the figure; the dotted lines represent 2 standard devia- 
tions from the mean of the normal group. The open circles indicate those values determined during 
the oral administration of ammonium chloride. The mean concentration of chloride was somewhat 


higher, and that of carbon dioxide slightly 


lower, during resin therapy than before resin 


therapy, but extreme changes were not observed. Ammonium chloride administration was not 
associated with the highest chloride or the lowest carbon dioxide values in either group. 


sium and because of the addition of the potas- 
sium form of resin to patients with potential 
renal failure. These two abnormalities in total 
body potassium are usually mirrored in the 
serum level of the ion. In figure 2 the distribu- 
tion of 98 determinations of this value in 23 
of the patients during resin therapy is compared 
with that of 21 determinations in the same 
patients before resin therapy and with the 
distribution in 21 normal subjects. On resin 
the mean value for the whole group of deter- 


Chloride acidosis has been reported as 4 
serious complication of the administration of 
ammonium or hydrogen cycle exchange resins. 
In figure 3 are presented the distributions of 86 
determinations of the serum concentration of 
chloride and 88 determinations of th» total 
content in serum of carbon dioxide in 22 pa- 
tients on resin therapy. These dist: bution 
curves are compared with the distribu ion of 
such values in most of the patients before 
resin therapy, as well as with those of a group 
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of normal subjects. In the edematous cardiacs 
befo.e resin therapy, the serum chloride con- 
cent ations tended to be low and the total 
cart n dioxide contents both low, normal, and 
high (as previously reported®). On resin the 
mea. chloride value rose and that of the car- 
bon lioxide perhaps fell slightly. The concomi- 
tant administration of ammonium chloride 
was not strictly associated with the highest 
chloride and lowest carbon dioxide levels. 
Since only one chloride value was above 110 
mEq. per liter and one carbon dioxide value 
below 15 mM. per liter, chloride acidosis in 
terms of these measurements was not a serious 
or frequent complication. pH values were not 
determined. In none of this group was there 
any clinical evidence of acidosis. 

Renal failure, assessed in terms of marked 
azotemia, was present in only one patient in 
this series. This patient had intrinsic renal 
disease of a severe degree (blood urea nitrogen 
of 50 mg. per 100 ml.) before resin therapy 
was instituted; on resin the carbon dioxide 
content fell to 13.5 mM. per liter (fig. 3). Fol- 
lowing’ discontinuation of his resin therapy, 
the acidosis responded to treatment with 
sodium bicarbonate but the azotemia pro- 
gressed until death two weeks later. In three 
other patients, one of whom had a normal 
control value, the blood urea nitrogen increased 
slightly. In six of eight patients with a mild 
degree of azotemia before resin, the azotemia 
decreased during therapy. Thus, despite the 
report of the production of urinary casts by 
resin,’ renal failure was not a direct complica- 
tion of resin therapy in our series. 

Culcium depletion was a possible complica- 
tion since ammonium cycle resin is known to 
take up this divalent cation preferentially in 
vitre. Serum concentrations of calcium were 
determined 30 times in 12 patients during 
ther: py. No values were found below 9.0 
mg. ver 100 ml. Although the maintenance of 
ano mal serum level does not rule out a slow 
depk ‘ion of the caleium stores of the body, 
it devs suggest that such did not occur to a 


serio s extent. There was no evidence of tetany. 


X-ra ~ studies for decalcification were not made. 


DIscussION 


The results obtained in this study indicate 
clearly that the administration of cation ex- 
change resin is a useful adjunct in the treat- 
ment of patients with congestive heart failure. 
It appears to be helpful in the control of such 
edema over prolonged periods of time as well 
as in the treatment of edema which has become 
refractory to other forms of therapy.! The 
term “adjunct” is used advisedly, since the 
use of resin did not remove the necessity of 
employing other accepted methods of treat- 
ment. Digitalis preparations were administered 
to all of the patients in the usual doses, and 
physical activity was restricted. The resin, 
therefore, modified the previous therapeutic 
regimen in two ways: (1) the partial or com- 
plete elimination of mercurial diuretics, and (2) 
an increase in the salt content of the diet. 

Mercurial diuretics have been such an ex- 
tremely useful tool in the treatment of cardiac 
edema that they are unlikely to be supplanted 
by exchange resins. However, mercurial ther- 
apy has its limitations. Some patients are sensi- 
tive to these drugs. Some patients become 
refractory to the diuretic action of mercurials, 
and in some a “low salt syndrome,”’ character- 
ized by peripheral vascular collapse and _ pro- 
gressive renal failure, may ensue.‘ For these 
reasons cation exchange resin may be a useful 
adjunct in potentiating the action of mercury 
in refractory patients,! in reducing the number 
of doses, or in eliminating entirely the neces- 
sity for the drug. 

Resin therapy in edematous patients was 
originally introduced with the thought that it 
would obviate the necessity for an unpalatable 
salt-free diet. The evidence of other investi- 
gators, as well as of our own, supports this 
concept within certain limits. Resin appears to 
take up primarily exogenous or dietary sodium, 
but the degree to which it does so is limited. 
Thus, in the group of patients reported here it 
was usually possible during resin therapy to 
change from a “salt-free’” diet (less than 500 
mg. of sodium) to a “low-salt’’ diet (800 to 
1600 mg. of sodium). This latter diet contains 
35 to 70 mEq. of sodium, an amount which 
somewhat exceeds the daily fecal sodium excre- 
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tion observed in patients on ammonium plus 
potassium resin (Resodec) but which lies within 
the range of 40 to 90 mEq. of sodium in stools 
excreted by the usual route by patients receiv- 
ing ammonium cycle resin.! When the dietary 
intake of sodium was increased above this 
range (2000 to 2400 mg. of sodium or 85 to 
100 mEq. of sodium) edema fluid began to 
reaccumulate. Resin, therefore, does not give 
a carte blanche for adding salt to the diet. 
However, the difficulty in preparation of a 500 
mg. sodium diet as compared to an 800 to 1600 
mg. sodium diet is such that there is a very real 
advantage in the use of resin on this score. 

Against these advantages certain disad- 
rantages must be weighed. One of these is the 
present high cost of the drug. However, this dis- 
advantage soon may be minimized as a result 
of improved methods of production and 
commercial competition. More serious is the 
problem of gastrointestinal intolerance, the in- 
cidence of which was high in this group of pa- 
tients. Anorexia and nausea may be controlled 
in the majority of instances by a trial and error 
attempt at finding the most suitable liquid in 
which to suspend the resin for administration. 
In addition, reactions of this type frequently 
were minimized by permitting the patient to 
take the resin suspension in small sips during 
meals, and by guarding against settling of the 
resin towards the bottom of the suspension. 
Constipation was a common complication in 
the series but was usually controlled by the 
use of mineral oil and a mild laxative. Abdomi- 
nal cramps and diarrhea were more difficult 
to treat and sometimes necessitated a period 
of rest from the resin administration. These 
difficulties encountered in resin therapy indi- 
cate the need for improvement of the agent 
along lines of increased palatability and in- 
creased effectiveness in cation exchange per- 
mitting the use of smaller doses of resin. 
Nevertheless, most of our patients found that 
the advantages of the resin outweighed the 
difficulties and were willing to continue the 
therapy. 

The data reported on this series of patients 
are reassuring in regard to the potential bio- 
chemical hazards of the use of cation exchange 
resins over a prolonged period of time. The 


occurrence of sodium depletion with peri» hera] 
vascular collapse and renal failure has been 
reported to occur following the use o' such 
resins.** In our series these complication ; were 
not observed; this inclines us to the belie’ that, 
properly guarded against, such compli rtions 
are not a common danger. Potassium eple- 
tion was reported early in the experi: iental 
use of ammonium cycle resin” and ws the 
reason for adding potassium cycle resin to the 
ammonium form for ordinary therapeut.c use. 
While carboxylic resin combined in these two 
cycles is less effective in removing sodiui than 
the ammonium cycle resin alone,! it does ap- 
pear not only to have been clinically effective 
in controlling edema but also to have prevented 
the development of a serious degree of potas- 
sium depletion during prolonged use. On the 
other hand, another complication was antici- 
pated from the addition of the potassium cycle 
resin to the regimen, namely, potassium reten- 
tion and intoxication. Such intoxication is 
usually the result of renal insufficiency" and 
might be anticipated in a group of edematous 
vardiacs whose renal function is generally less 
than optimum. Nevertheless, in our group of 
patients this complication was not encountered, 
its absence probably being due to the usual 
avoidance of patients with any marked degree 
of renal failure. 

The production of a severe degree of chloride 
acidosis has been considered to be one of the 
principal hazards of the use of cation exchange 
resins,”’ 3 and has been the reason for the 
combination of an anion exchanger with the 
‘ation exchange resin.'! Such a complication 
does occur readily in patients with a severe 
degree of renal disease,!® but did not occur in 
our group of edematous cardiac patients. In 
wisely selected patients, therefore, fear of such 
a complication should not deter the physician 
from the use of ammonium or hydrogen plus 
potassium cycle resins. The employment of a 
combination of anion and cation ex hange 
resins may well have a place in treating edem- 
atous patients with advanced renal failu:e, but 


such combinations may be less effect ve I 
treating edematous cardiac patients w ‘hout 
renal failure. The presence of a mild a: dosis 





»heral 
been 
such 

: Were 
that, 

itions 

leple- 
ental 

S the 

0 the 

> use, 

> two 
than 
$ ap- 
etive 
ented 

Otas- 

1 the 

ntici- 

cycle 
eten- 

Mm is 
and 

atous 

’ less 

ip of 

ered, 
usual 
gree 


oride 
the 
ange 
> the 
| the 
ation 
vere 
ir in 
;. In 
such 
iclan 
plus 
of a 
ange 
Jem- 
, but 
e in 
hout 
dosis 


W. C. KLINGENSMITH, JR. AND J. R. ELKINTON 849 


has | ong been known to predispose toward a 
diure is, and the data in the preceding paper 
sugg’ -t that it may be one factor in the poten- 
tiatic 1 by resin of the renal effect of mercurial 
diure ics." 

E\ dence of calcium depletion was not found 
in th. series although the resin has been shown 
to hive a preferential affinity for divalent 
eatious in vitro. In vivo balance studies have 
indic,ted that large amounts of calcium are 
not lost with ammonium and hydrogen cycle 
resins,'® presumably because of the low con- 
centration of dissolved calcium in comparison 
with that of sodium in gastrointestinal fluids. 
The data on this point in this paper, however, 
are indirect since serum levels may not mirror 
a calcium depletion and since the patients were 
maintained on a fairly high calcium intake. 

The possibility of the production of other 
deficiencies, such as magnesium, iron, thiamine, 
and riboflavin, has been suggested,!”: 1* but we 
saw no evidence of this. However, until we are 
sure they do not occur, supplementary minerals 
and vitamins should be added during prolonged 
resin therapy. 

Cation exchange resins have given the physi- 
cian a new tool with which to remove from 
the body certain constituents which are un- 
desirable. The observations reported in this 
paper indicate to the authors that such resins 
have a useful role in the therapy of chronic 
congestive heart failure but that they must be 
used with care and with due consideration of 
their limitations. Like any other manipulation 
of a biochemical and physiologic disturbance 
due to a disease state, resin therapy of the 
edematous cardiac requires careful thought con- 
cerning the individual patient. But used in this 
Way, and not as an infallible panacea, it should 
develop into a dependable item of the physi- 
clan’. armamentarium. 


SUMMARY AND CONCLUSIONS 


C: ion exchange resin, in the ammonium 
plus potassium cycle, was administered to 34 
patic its with edema due to chronic congestive 
hear: failure. In 27 of these patients the treat- 
men was sufficiently documented to permit 
asse--ment of its long-term effectiveness, the 
aver ge length of therapy being 26.4 weeks 


and the maximum being 62 weeks. The results 
were as follows: 

1. In terms of elimination of edema in pre- 
viously refractory patients or of prevention of 
reaccumulation of edema during a decrease in 
mercurial diuretic and salt restriction therapy, 
the resin was effective in 23 of the 27 patients. 

2. Gastrointestinal complications occurred 
in 20 of the 34 patients but required the dis- 
continuance of the resin in only five patients. 

3. No evidence of the following chemical 
complications were observed: sodium deple- 
tion, potassium depletion or intoxication, severe 
chloride acidosis or calcium depletion. 

It is concluded that, with the careful selec- 
tion of patients, cation exchange resin in this 
form is a useful and safe adjunct to the treat- 
ment of chronic congestive failure over pro- 
longed periods of time. 
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Tie Use of Crystalline Visammin in the Treat- 
ment of Angina Pectoris 


By \.. A. Nauterski, M.D., W. B. Rupy, M.D., anp N. C. Giusert, M.D. 


The high incidence of unpleasant side effects following the use of crude preparations of khellin in 
the treatment of angina pectoris has limited its clinical use. It was felt that if this vasodilator 
drug were prepared free of resins, chromones and other plant impurities, it might then be used 
more extensively in the treatment of coronary insufficiency. Currently, a crystalline preparation 
of high purity has become available. A series of patients with angina pectoris were studied using 
this preparation. A Starr ballistocardiograph was interjected into our study in an attempt to ob- 
tain objective evidence of any effect this drug might have on the mechanical action of the heart. 


ROM ANCIENT times the people of 

Arabia and the Eastern Mediterranean 

countries have used extracts, tinctures 
and other preparations made from the seeds 
of Ammi visnaga (Arabic khella) for the treat- 
ment of renal colic and ureteral spasms due to 
renal calculi. Several crystalline substances 
were isolated early from the seeds of this plant. 
The more important of these were khellin (2- 
methyl - 5,8 - dimethoxyfuranochromone), vis- 
nagiin (2 - methyl - 5 - methoxyfuranochro- 
mone), and khellol-glycoside, which is an oxy- 
glycoside of visnagin. 

Khellin, also known as visammin, was first 
prepared in an impure form by Mustapha in 
1879! In 1931 Samaan? reported on the 
pharmacologic action of this drug. In his ex- 
periments he utilized tinctures and extracts of 
the seeds as well as a crystallized material with 
a melting point of 153 C., which he felt was 
essentially pure khellin. Samaan concluded that 
these preparations not only relaxed all smooth 
muscle by direct action on the muscle fibers 
but also possessed a mild diuretic effect. His 
later studies led him to conclude that the 
gly: oside portion of this preparation contained 
the active principle. In 1945 Anrep and his 
gro p*-> confirmed the findings of Samaan. 
Th: y showed, however, that khellin and visna- 
gil’ vere the active principles of the drug while 

‘lycoside portion was inactive as a smooth 


om the Department of Medicine, Northwestern 
ersity Medical School, and St.’ Luke’s Hospital, 
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muscle relaxant. Anrep also demonstrated that 
crystalline khellin had a pronounced effect in 
increasing coronary blood flow and that the 
drug had a more prolonged therapeutic effect 
when compared with other coronary vasodi- 
lating drugs. Gilbert and Nalefski® confirmed 
these findings. Anrep completed his studies by 
treating 250 patients with angina pectoris and 
reported improvement in 225 cases and no 
improvement in 25. He noted that the drug 
produced only a few side effects and was not 
toxic with prolonged administration. He also 
observed that it did not affect the bleeding or 
coagulation time. 

Following the appearance of these reports in 
the literature, various clinical investigations 
were instituted in this country. Armbrust and 
Levine’ treated 53 patients with classic his- 
tories of angina pectoris with a preparation 
stated to contain 75 per cent khellin and 25 
per cent visnagin. They concluded that 60 per 
cent of their patients showed improvement 
since they required fewer nitroglycerin tablets, 
had fewer and milder attacks of pain, and 
could walk greater distances. They reported 
that nausea, anorexia and dizziness occurred 
in about 60 per cent of the patients treated. 
They concluded that khellin was of value in 
the treatment of angina pectoris, but its use- 
fulness was limited by the undesirable side 
effects encountered. In a controlled study, 
Osher and Katz* found that khellin therapy 
produced subjective and objective improve- 
ment in 16 of 19 patients with angina pectoris. 
They used the same preparation that the previ- 


Circulation, Volume V, June 1952 





852 CRYSTALLINE VISAMMIN IN ANGINA PECTORIS 


ous investigators did and reported nausea, 
vomiting, anorexia, insomnia and vertigo as 
side reactions. In the same year Dewar and 
Grimson’ reported a comparative study of the 
effects of khellin and glyceryl trinitrate on 12 
patients. In the dosages studied, they found 
khellin to be less potent but longer acting than 
glyceryl trinitrate. They stated that khellin 
given in effective doses did not cause any un- 
pleasant side effects and did relieve angina in 
one patient who was intolerant of both glyc- 
eryl trinitrate and theophylline ethylene di- 
amine. Rosenman and co-workers’ reported 
their findings using Eskel, a mixture of Ammi 
visnaga principles. From their carefully con- 
trolled experiments they concluded that visam- 
min (khellin) was a drug with definite thera- 
peutic effects in angina pectoris, chronic cor 
pulmonale, and possibly in acute bronchial 
asthma. They found toxic reactions in 16 cases 
of the total 30 studied. Greiner and co-workers! 
treated 39 patients with coronary artery dis- 
ease and angina of effort with Eskel. Their 
method for evaluating this drug led them to 
conclude that the results on these 39 patients 
showed khellin to have no greater effect than 
lactose in the control of pain in the angina of 
effort. In their study, 35 of the 39 patients 
treated reported unpleasant symptoms at one 
time or another which were ascribed to the 
medication. 

Our personal experiences during the past 
year with the crude form of the drug showed a 
very high incidence of side reactions similar 
to those reported by others. With a few 
exceptions, we found that 2 tablets per day 
of the impure preparation which contained a 
total equivalent of 80 mg. of khellin would 
produce nausea and vomiting. Frequently, pa- 
tients could not tolerate even 1 tablet per 
day. Only rarely could a patient with angina 
pectoris tolerate 3 tablets per day for intervals 
as long as one week. 

In view of the favorable laboratory reports 
and the beneficial clinical results usually re- 
ported in those instances where the patient 
could tolerate this drug, we felt that its active 
principles should be investigated further. We 
had the distinct impression that if the side 
effects could be eliminated, a potent medica- 


ment would be at our disposal for the _ reat- 
ment of coronary insufficiency. 

Currently, a crystalline khellin* of 97.0 to 
99.8 per cent purity having a melting po nt of 
151 to 154 C. has become available. The ) hysi- 
cal appearance of this material is quite i nlike 
that of the crude preparations used to date. 
It was felt that possibly the side effec.s ex- 
perienced with the crude preparations \-ould 
be minimized with the crystalline khel!in jn 
the absence of other plant impurities, ‘esins 
and chromones. With this in mind, a series 
of patients were studied using the crysialline 
Ammi visnaga preparation. 


METHOD 


This investigation was conducted on 21 patients 
with longstanding, proved coronary artery disease, 
who were obtained from the Out-Patient Depart- 
ments of the Florsheim Cardiac Clinie and St. 
Luke’s Hospital. In a few instances, the patients 
were made available for study by private physicians 
during hospitalization. The diagnosis of angina pec- 
toris was based on a past history of precordial and 
substernal pain on effort, emotion or following the 
ingestion of large quantities of food. All patients 
obtained relief from their symptoms after rest or 
following glyceryl trinitrate therapy. A complete 
history, physical examination and pertinent labo- 
ratory data were obtained for each patient. The 
average age of the patients was 59, and ranged from 
44 to 75 years. All had abnormal electrocardio- 
graphic and_ ballistocardiographic findings. The 
characteristics of the group and the results of 
khellin therapy are summarized in table 1. 

Placebos were not used in evaluating the effects 
of this drug on the various patients. A control 
period of two weeks preceded the administration of 
crystalline khellin. During this time a record was 
kept of the frequency of their anginal attacks and 
the number of glyceryl trinitrate tablets used per 
day. The only drugs administered during this study 
were glyceryl trinitrate, crystalline khellin, pheno- 
barbital or a mixture of phenobarbital, belladonna 
and crystalline khellin. Control electrocardiograms 
and ballistocardiograms prior to medication were 
made both before and after exercise tolerance tests. 
In all instances, these tracings were abnorma!. The 
electrocardiograms showed the usual expected find- 
ings of coronary insufficiency. 

The ballistocardiograph has been utilize. by 
others” in typical cases of angina pectoris, «1d it 


* Khelloyd, manufactured by Lloyd Bro: urs, 
Pharmacists, Inc., Cincinnati, Ohio. 
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TaBLE 1.—Effect of Crystalline Visammin on a Controlled Group of Patients with Angina Pectoris 
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yeeryl trinitrate. 


Periods of Study 





Duration Control 


Diagnosis of Angina 


No. 
GTN* 
per day 


5 10 


Attacks 
per day 


ASHDt 


ASHDf, r. 5 
PMIt 
Hyperten- 2 yrs. 6 
sion 
Hyperten- 

sion 
ASHD}, Re- 

cent in- 

farct 
ASHD+ 


ASHDT 


ASHD{, Se- 


vere angina 


Many 30 
plus or 
minus 

ASHD}{, Hy- : 3 

pertension 

ASHD# Many | Many 

ASHD}, Hy-| 3 yrs. 4 

pertension 

ASHDt 5 yrs. 6-8 


ASHDt 


Hyperten- 
sion 
Hyperten- 
sion, 
ASHD}, | 
Myocardial 
infarct 
Hyperten- 
sion 
Hyperten- 
sion, 
ASHD{ 
ASHD¢, My-' 10 yrs. 
ocardial in- 
faret 
Myocardial 
infarct 
ASHDt 


6 mo. 
2 yrs. 


ASHD}{, Hy- 18 mo. 
pertension s 


Attacks 
per day 


Cryst. visammin 


No. 
GTN* 
per day 


Mainten- 


mg. per 
day 


ance Dose 


Results of Treatment 





1 0 


0 | O 





100 


100 


50 


300 


100 





| Increased 


Increased 





Increased exercise toler- 
ance. Almost no pain. 
Free from pain. 


Excellent. Free from pain. 
Pain much less 


Able to work. 


Pain only on exertion. 


severe. 


Increased exercise toler- 
ance. Free from pain. 
Less fatigue. Free from 

pain. 
exercise toler- 
ance. Pain less severe. 


Would not continue with 
drug because of toxic ef- 
fects. 

Increased exercise toler- 
ance. Free from pain. 


| Free from pain. Increased 


exercise tolerance. 
Increased exercise 
ance. No pain. 
Able to return to work. 
Free from pain. 
Refused to continue drug 
because of side effects. 
exercise toler- 
ance. No pain. 


toler- 


Able to do much 
work. No pain. 
No pain. Breathes easier. 


more 


No pain. Tolerates much 

more exercise. 
No more pain. Able to 
work now. 


| No pain. Increased exer- 


cise tolerance. 


| Pain less severe. Tolerates 


exercise much more. 





+ Arteriosclerotic heart disease. t Posterior myocardial infarct. 
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has been found that a definite relationship exists 
between the symptom complex and abnormal 
mechanical heart action. The arbitrary grades of 
abnormality established by Brown” were used in 
our studies to classify the degree of severity of in- 
volvement. According to the method, the ballisto- 
cardiograms are graded according to regularity of 
pattern, definity of curves, amplitude and con- 
figuration. Four grades are used, with number one 


Fic. 1. The above series of ballistocardiograms 
illustrate first a normal tracing for comparison with 
others showing increasing amounts of abnormal me- 
chanical heart action. 


being the least and number four being the most 
abnormal (fig. 1). It was hoped that the ballisto- 
cardiograph could be utilized to obtain objective 
evidence of the effects of khellin on the heart. The 
instrument used was of a high frequency type de- 
signed by Starr’? and was uniformly calibrated each 
time with a 280 Gm. weight. 

The initial dosage of crystalline khellin was 200 
mg. per day given in four equal 50 mg. doses. Each 
patient was seen weekly. If cumulative effects ap- 
peared, a two day rest period was instituted to 
allow these effects to disappear, and the dosage then 
reduced to 100 mg. per day given in two 50 mg. 
dcses, or even to 50 mg. once a day in a few cases. 
Most of the patients who manifested side reactions 


at the 100 mg. dosage level were given a 
composed of: 


Khellin (crystalline)... ... 50 me. 
Phenobarbital........ 15 m:. 
Extr. of Belladonna, U.S.P........ 15 m 


The criteria used for determining improv «ment 
in the patients were a decreased number ind a 
lessening in severity of attacks, a reduction ‘n the 
number of glyceryl trinitrate tablets, an iner: ase in 
exercise tolerance and an improvement in t! 
listocardiographie pattern. 


RESULTS 

Toxicity. Dosages of 200 mg. per « 
pure crystalline khellin can be tolerat 
most patients for only limited periods. ledue- 
tion of the daily dose to 100 mg. in two divided 
doses markedly reduced the severity of the 
side effects. When the daily dose of 100 mg. 
was given in four divided doses, only four of 
21 patients experienced side effects after six 
weeks of treatment. These four patients no 
longer experienced nausea when the dose was 
further reduced to 50 mg. daily in two divided 
doses. 

In addition to elimination of side effects 
by reduction of dosage, it appears that the 
concomitant administration of phenobarbital 
may control the undesirable symptoms. In six 
of our series of cases, nausea and insomnia were 
experienced on doses of 100 mg. per day, but 
when the tablet containing khellin, phenobarbi- 
tal and belladonna was given in equivalent 
dosage, side effects were eliminated in five of 
the cases. Furthermore, it was found that the 
side effects of even the higher doses could 
sometimes be eliminated by simultaneous ad- 
ministration of suitable amounts of phenobar- 
bital. The drug had no effect on pulse or blood 
pressure. 

Of the 21 patients studied, two were main- 
tained on 200 mg. of the drug per day fo 
four weeks with nervousness as their chiei com- 
plaint. Another tolerated this same dosage for 
three weeks before the development of n:.usea, 
vomiting and nervousness. Two others were 
on this dosage without side effects fo two 
weeks, and another for one week. The re 
mainder of the 21 patients showed mani esta- 
tions of vertigo, headache, diarrhea, ni: \sea, 
vomiting and insomnia after only two devs o 
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tre: tment on 200 mg. When the daily dosage 
wa. reduced to 100 mg. and given in two equal 
dos s, about 50 per cent of the patients still 
con plained of a bothersome nausea, but when 
it \ as divided into four equal doses, only four 
of : iis latter group of patients experienced side 
effets after six weeks of treatment. These 
san © four patients still showed a small amount 
of i. ausea on a single 50 mg. daily dose, but 
this was eliminated by giving two doses daily 
of 25 mg. each. Two patients refused to con- 
tinue taking the drug after experiencing side 
effects at the 200 mg. dose level. One patient 
with an intractable angina, which became re- 
fractive to glyceryl trinitrate, tolerated 300 


Noe Tases Pra Whe tee TRIE, PUES 
i al ee sites Fa ¥ 


Fic. 2. Serial ballistocardiograms of a patient re- 
ceiving khellin. The increase in amplitude and the 
improved appearance of the complexes is apparent. 


mg. per day for eight weeks and complained 
only of a slight insomnia which was controlled 
by phenobarbital. 

Angina Pectoris. Crystalline khellin improved 
the cardiac status of the 19 patients who re- 
mained on the drug and invariably each pa- 
tient commented on his ability to withstand 
mor exertion. Five of the patients still ex- 
pericnced anginal pain. However, it was less 
seve ec and less frequent. All of these patients 
shov cd improvement for variable periods of 
tim after the drug was discontinued. This 
pro! ibly can be attributed to the cumulative 
effe’ of the drug. 

Te control ballistocardiograms showed no 
com ion characteristic abnormality. All trac- 
ings ‘aken during this control period were ab- 


normal, with those nearly normal becoming 
more abnormal after exercise. In general, the 
tracings made after the crystalline khellin was 
administered tended to assume a more normal 
configuration. Calculations for cardiac output 
were not attempted because of the abnormality 
of the tracings. Cardiac strength determina- 
tions were also difficult to make and were not 
dependable because of the abnormality of the 
curves. It was of interest to note that after the 
patients received the crystalline khellin, their 
ballistocardiograms did not show the deteriora- 
tion following exercise tolerance tests as they 
previously did before medication. Figure 2 illus- 
trates serial ballistocardiograms of one of the 
patients treated. It was felt that the ballisto- 
vardiograph gave objective evidence of the fa- 
vorable influence of the drug on the disease 
process present in these patients. No significant 
changes in the electrocardiographic pattern 
were noted during the treatment period. 


COMMENT 


Sufficient laboratory investigations have been 
conducted by competent investigators to estab- 
lish the fact that this drug does reduce the 
tonicity of smooth muscle. The present study 
was primarily undertaken to compare the inci- 
dence of toxic manifestations of crystalline 
khellin with that of crude preparations being 
used to date. The pharmacologic reports on 
khellin by early investigators stressed the ab- 
sence of toxic effects following its use. However, 
this was not confirmed by the clinical investiga- 
tions conducted with the crude products pre- 
pared and used in this country. Anrep" called’ 
attention to the fact that since the publication 
of his observations, a considerable number of 
preparations of Ammi visnaga were being of- 
fered to the public. He warned that crude 
extracts of this drug could cause undesirable 
effects. He advised that all preparations of it 
which were to be used orally or parenterally 
should first be freed from injurious impurities 
and that the final concentration of the active 
principle should be carefully standardized. It 
might be concluded that the discrepancies of 
the earlier clinical reports with current cbserva- 
tions may be due to the use of a drug prey ared 
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by different methods and containing various 
amounts and varieties of impurities. 

It was apparent from the onset of our in- 
vestigations that crystalline khellin used in 
dosages in excess of those required to obtain 
the desired therapeutic effect would produce 
toxic symptoms similar to those obtained with 
the crude forms of Ammi visnaga used earlier. 
We were impressed with the fact that we were 
dealing with a potent drug and also realized 
that each patient required an individual ad- 
justment of the amount of the drug required 
to relieve him of his symptoms. In this respect, 
this drug is not unlike digitalis. 

It is universally recognized that the evalua- 
tion of the efficacy of any drug in the treatment 
of such a capricious disease as angina pectoris 
is subject to many pitfalls. The enthusiasm of 
the investigator for a drug frequently leads to 
faulty conclusions. An attempt to de-empha- 
size this factor was made in this investigation 
by using patients with the anginal syndrome 
who had been observed for a number of years, 
by evaluating the frequency and severity of 
attacks before and after medication, by con- 
sidering the number of glyceryl trinitrate tab- 
lets used, and by utilizing objective evidence 
obtained with the ballistocardiograph. In this 
investigation the latter proved to be especially 
valuable because this instrument affords a phys- 
iologic approach to a physiologic problem in 
that it records mechanical heart action. It 
must be stressed, however, that this instru- 
ment was used in a qualitative manner since 
the tracings obtained before and after medica- 
tion were still too abnormal to quantitate. The 
improvement in the appearance and ampli- 
tude of the complexes supplied us with evidence 
which is difficult to argue against. Seventeen 
of the 19 patients studied showed improve- 
ment in the appearance of the complexes of the 
ballistocardiograph. 

The high incidence of unpleasant side effects 
observed with the use of the crude preparations 
of khellin in the past has limited its clinical 
value. Using the crystalline preparation, we 
were able to control the anginal symptoms in 
80 per cent of the patients treated with a dose 
ranging from 50 to 100 mg. per day. The drug 


is absorbed rapidly from the stomach, 4; 
relief from the symptoms is noted within 
to 30 minutes following its ingestion. Its cun 
lative effect is well established. Consequen: 
it is not unreasonable to assume that 50 1.» 
could temporarily raise the serum concent 
tion of this drug to a toxic level. The cru ie 
preparations as used by other investigat 
required 100 to 300 mg. to control the angi 
symptoms. However, at this level a very h 
incidence of unpleasant side effects was p: 
ent. Therefore, it appears that the crystal] 
preparation eliminates toxic effects which m 
well be produced by the impurities present 
the crude preparations. 

It has not yet been established whether thc 
toxic effects observed are produced by direct 
action on the gastrointestinal tract or by a 
central effect. Preliminary investigations are 
now under way to determine whether parenteral 
preparations would allow a higher blood con- 
centration of this drug to be used without ex- 
periencing toxic effects. To date, six dogs have 
been given intravenous injections of crystal- 
line khellin dissolved in a solution of saccharin. 
Each animal received toxic doses of 280 mg. 
of this preparation over a five day period. 
During this time the animals remained ir good 
health, enjoyed a good appetite, and showed 
no evidence of toxicity. Five days after the 
last dose was given, two of the six animals 
died. The gross pathologic findings on these 
dogs at autopsy were a generalized vasodilata- 
tion and bleeding from the orifices. Further 
studies are now being conducted. It must be 
concluded that the pharmacodynamics of this 
drug are still little understood. 


SUMMARY 


1. The action of crystalline khellin, the ac- 
tive principle of Ammi visnaga, has been evalu- 
ated in cases of angina pectoris. Dosage, thiera- 
peutic efficacy and toxicity are discussed. 

2. Seventeen of the 19 patients treated with 
this preparation showed a good response. ‘| \o 
other patients discontinued therapy after ‘he 
development of severe side effects. 

3. Untoward reactions were minimal w. en 
50 to 100 mg. per day of the drug were usd. 





‘ood 
wed 
the 
nals 
hese 
ata- 
ther 
t be 
this 


L. A. NALEFSKI, W. B. RUDY AND N. C. GILBERT 857 


‘} is amount given in divided doses was suffi- 
it to control the symptoms of angina pec- 
's in 80 per cent of the cases. 

. The results indicate that crystalline khel- 
is a beneficial drug in the treatment of 
‘ina pectoris. It can be used in small dos- 


ag s, and in therapeutic amounts exhibits es- 


tially no toxie effects. 
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By Rosert E. Gross, M.D. 


Surgical Closure of an Aortic Septal Defect 





Occurring just above the aortic and pulmonic valves, an aortic-pulmonary artery communication 
gives a left-right shunt which may be indistinguishable by clinical findings from a patent ductus 
arteriosus. Under some circumstances it is possible to identify the lesion by retrograde aortography. 
Because of increase in cardiac work, the shunt can produce cardiac strain. Whether or not the com- 
munication can be closed surgically depends upon the size of the opening and its distance above the 
coronary arteries. A case is here reported in which an aortic-pulmonary artery communication has 


been closed surgically. 


ONGENITAL communication between 

the first parts of the ascending aorta 

and the pulmonary artery, just 

above the semilunar valves, is an uncommon 

lesion but deserves some consideration because 

it can mimic the clinical picture of a patent 

ductus arteriosus and because it may be pos- 

sible in some instances to treat the anomaly 
successfully by surgical means. 

In the formation of an embryo, the primitive 
truncus arteriosus normally becomes divided 
by a septum into aorta and pulmonary artery. 
If there is an incomplete development of this 
septum, an opening of variable size persists 
between these two great contiguous vessels and 
gives rise to a shunt between them. The open- 
ings have been described as generally ranging 
from 5 to 10 mm. in diameter, but some have 
been as large as 20, 30 or more mm. in maxi- 
mum cross dimensions. The openings have 
been round, oval, triangular, or slit-like. Some 
have been situated very close to the orifices 
of the coronary arteries; others have been a 
centimeter or two above these vessels. Patho- 
logic descriptions of these anomalies have been 
all too vague. In view of the probability that 
surgical correction of the anomaly can _ be 
offered some of these patients it would be 
helpful if pathologists who have the oppor- 
tunity of studying specimens would give a 
more complete description of the local patho- 
logic anatomy; in this way the surgical prob- 
lems could be better understood and the best 
means could be devised for closing the fistulas. 


From the Surgical Service of the Children’s 
Hospital and the Department of Surgery of the 
Harvard Medical School, Boston, Mass. 









An opening between the first part of the 
aorta and the pulmonary artery will obviously 
give clinical findings quite similar to—-and 
usually indistinguishable from—those of a 
persistent ductus arteriosus, which is a com- 
munication between the two systems situated 
somewhat further along between the vascular 
channels. Because of the pressure differentials, 
the shunt is almost invariably left to right; 
therefore cyanosis is seldom observed, except 
in terminal stages of cardiac failure. Some 
degree of dyspnea or diminution of exercise 
tolerance is often noted. Some retardation in 
physical development may be found. A mur- 
mur is always present; it is usually continuous, 
with systolic accentuation. It has been de- 
scribed as systolic alone, or as systolic with 
only a short diastolic phase. These murmurs 
are most intense in the second and third inter- 
costal spaces, to the left of the sternum; they 
can duplicate those which originate from an 
open ductus. In some cases the murmur has 
been accompanied by a thrill. The diastolic 
blood pressure is somewhat reduced, and in 
some instances gives a pulse pressure wide 
enough to produce a water-hammer pulse in 
the arms and legs. By film and fluoroscopic 
studies there is evidence of a left to right 
shunt, giving some cardiac enlargement, !ull- 
ness of the pulmonary conus, enlargemen' of 
the pulmonary artery, increased vascula ity 
in the pulmonary bed, and a hilar dance. all 
of these findings are exactly those produced by 
an open ductus. The various clinical : 1d 
roentgenologic findings probably vary in i 
tensity from case to case, depending upon ie 
size of the aortic leak. By electrocardiograp Y 
the electrical axis may be normal, is apt to ‘© 
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shi ted to the left, but has been described as 
rot ted to the right. By cardiac catheteriza- 
tio. there is evidence of a left to right shunt 
int» the pulmonary circuit, and the finding 
mv be entirely those suggesting an open 
du tus unless the catheter can by good fortune 
be made to pass through the communication 
which lies just above the pulmonary valve; 
suc an observation, proving the existence of 
an aortic septal defect, has been reported by 
Dexter.2 Angiocardiography is of practically 
no help in differentiation from an open ductus, 
for both show the continued recirculation 
through the pulmonary circuit. Retrograde 
aortography has demonstrated clearly the 
presence of an aortic septal defect, as reported 
by Gasul, Fell, and Casas.® 

\t the operating table it is possible to 
differentiate quickly between an open ductus 
and an aortopulmonary window. In the former 
a thrill can be felt in the pulmonary artery, 
opposite the distal end of the aortic arch; 
digital pressure over the ductus abolishes the 
thrill. Conversely, an aortopulmonary defect 
gives a thrill which is most intense in the first 
part .of the pulmonary artery, just above the 
pulmonary valve and within the pericardial 
envelope. Digital pressure in this region is 
necessary to shut off the thrill; compression in 
the area of the ligamentum arteriosum has no 
effect on the pulmonary artery turbulence. 

Ilektoen? gave pathologic descriptions of a 
case of aortopulmonary septal defect and 
reviewed nine others from the literature. 
Subsequently individual reports have been 
made by Fisher,* Oberwinter,? Bain and 
Parkinson,! Dadds and Hoyle,? Perelman and 
Putschar,'® Dexter,’ Spencer and Dworken,"! 
and Gasul, Fell, and Casas. An intriguing 
report of four cases, each found at the operat- 
ine table but without attack on the lesion, was 
mile by Gibson, Potts, and Langewisch.* To 
th se is added herewith a case in which the 
le- on was treated surgically with success. 


“he patient was a 4 year old girl who was ex- 
ar ned and treated in 1948. A cardiac murmur had 
ben heard shortly after birth and had _ persisted 
th veafter. The cardiac impulse had always been 
\ cribed as being forceful. Since infancy the young- 
st » had sweated profusely, particularly after mild 


exercise. There was slight exertional dyspnea, but no 
cyanosis. On physical examination, the child ap- 
peared to be normally developed and nourished. 
The blood pressure was 105/45. The heart sounds 
were obscured by a very loud. continuous murmur, 
which had marked systolic accentuation. The mur- 
mur was widely transmitted over the precordium 
but was most intense over the third left inter- 
costal space, just inside the nipple line. Electro- 
cardiographic tracings showed a mild left ventricular 
hypertrophy. Fluocroscopic and x-ray film studies 
showed the heart to be enlarged in transverse 
diameter, predominantly downward and to the left, 
apparently due mainly to left ventricular enlarge- 
ment. There appeared to be moderate enlargement 


Ligamentum 
ae : 
arteriosum 


Fra. 1. Sketch showing position of congenital 
communication between first portions of 
aorta and pulmonary artery 


of the left auricle posteriorly. There was bilateral 
pulmonary vascular engorgement with prominent 
hilar shadows. The left ventricular beat and the 
pulmonary artery beat were hyperactive. These 
roentgenologic findings were felt to be indicative of 
a patent ductus arteriosus (and indeed the murmur 
was thought to be typical of this condition). 
Operation was advised, and exploration was 
carried out on May 22, 1948. A submammary ex- 
posure was made on the left, entering the chest 
anterolaterally in the third intercostal space, divid- 
ing the third and second costal cartilages. The 
pulmonary artery had a very intense and coarse 
thrill within it. No open ductus was found, but a 
fibrous ligamentum arteriosum was encountered. 
Digital pressure in this region did not change the 
thrill in the pulmonary artery. To make absolutely 
certain that a tiny lumen did not exist in the liga- 
mentum, this structure was completely divided and 
was found to be obliterated. This in no way changed 
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SURGICAL CLOSURE OF AORTIC SEPTAL DEFECT 


Fig. 2. Operative drawings from case here reported. A. Exposure through left, anteriolateral 
transpleural approach in the third intercostal space. L. A., ligamentum arteriosum. P., pulmonary 
artery. X shows the point where thrill was maximal in pulmonary artery. B. By digital pressure in this 
area, the pulmonary artery thrill could be completely abolished. C. Pericardium opened and held up 
by clamp. Epicardium opened over aortopulmonary groove and held back by sutures. A, aorta. 
F, fenestrum between aorta and pulmonary artery. P, pulmonary artery. D. Fenestrum ligated 


with a heavy tape. T. F. is the tied fenestrum. Epicardial stitches being started. Z. Epicardium 
closed. F. Closure of pericardium. 
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the ‘hrill in the pulmonary artery. On further ex- 
ami: ition the thrill was obviously most intense in 
the ‘irst portion of the pulmonary artery, just 
abo. > the valve. The pericardium was now opened 
so t) at the first portions of the aorta and the pul- 
mon iry artery could be examined. The thrill was 
mos intense at a point about 1.5 ecm. above the 
pul onary valve. The tip of a finger pressed into the 
grove between the aorta and the pulmonary artery 
at tiis level could completely shut off the thrill in 
the pulmonary artery. It was decided to attack 
surgically the fenestrum which was now known to 
exist between the first parts of these two vessels. 
The epicardium was very carefully opened and 
peeled back off the aorta and the pulmonary ar- 
tery, to expose the underlying fistula. The great 
vessels lay immediately contiguous to one another 
and there was fear of dissecting between them be- 
cause of the possibility of plunging into the thin 
walled communication between them and setting 
up bleeding which would be uncontrollable. How- 
ever, it was possible to dissect down between the 
aorta and pulmonary artery, passing below the 
shunt and above the coronary arteries. After carry- 
ing this dissection toward the posterior aspect of 
the vessels a similar plane was opened up between 
the vessels above the shunt. Finally, with con- 
siderable apprehension, an aneurysm needle was 
passed completely around the shunt, though there 
was very little room between and behind the vessels 
to permit this. A piece of linen tape, 1.0 em. wide, 
was now drawn around between the vessels, so that 
it encircled the shunt. At this point arterial blood 
began to escape from the depths of the wound so 
that it was evident the thin posterior wall of the 
shunt had been slightly torn. Believing that the one 
hope of controlling this situation might be to tie 
quickly the tape which had previously been placed, 
this was now rapidly and tightly drawn down. 
Fortunately, all of the bleeding stopped. Al! of the 
thrill in the pulmonary artery disappeared. The 
epicardium was closed over the ligature. The peri- 
cardium was repaired with interrupted silk sutures, 
making the latter closure incomplete so that any 
excess fluid which might accumulate in the peri- 
cardial sae could eseape into the pleural cavity. 
The chest was closed in a routine manner. Following 
o}eration the child made a very satisfactory con- 
va esecence. She was discharged from the hospital 
o1 June 18, 1948. Frequent auscultation now showed 
th t the prominent murmur which existed prior to 
‘ration had disappeared. To several observers no 
rmur existed, but one thought that a grade II 
tolie murmur could be heard in the pulmonary 
ion. 
Since discharge from the hospital the child has 
| an exceedingly satisfactory and an asymp- 
aatie course. She has had no limitation of her 
sical activity. There have been no-cardiac svmp- 
is. When last examined on June 26, 1951 she 


was in excellent physical condition, was very vi- 
vacious, and was without complaints. Careful auscul- 
tation revealed the cardiac sounds to be entirely 
normal. No murmur could be heard anywhere in 
the thorax. At this time film and fluoroscopic ex- 
amination showed only barely detectable structural 
abnormality of the heart; it was no longer enlarged, 
but there appeared to be slight left ventricular 
predominance. No auricular enlargement could be 


Fig. 3. Photograph of patient, three years after 
surgical closure of an aortopulmonary opening. The 
child is in excellent condition. There is no murmur. 


detected. The pulmonary artery and intrapulmonary 
vessels were normal in size and had normal pulsa- 
tions. 


CoMMENTS 


The surgical exposure employed in this 
case was a left anterolateral approach; it 
certainly was not ideal, because the first por- 
tions of the aorta and pulmonary artery were 
retrocessed underneath the sternum, which 
hung over them like a shelf and interfered 
with the manipulations in the region. Without 
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doubt, a better exposure could be attained by 
a transverse, anterior chest incision, trans- 
versely dividing the sternum between the third 
and fourth costal spaces. (Indeed, we now 
make it a practice in all patent ductus opera- 
tions to make sure that the skin of the entire 
anterior chest wall is prepared well toward the 
right anterior axillary line. Since we commonly 
use a left anterolateral approach, this pre- 
caution in draping would allow us to extend 
the incision directly across the sternum if an 
aortopulmonary artery fenestration is en- 
countered when the chest is opened). 

In the surgical closure of one of these aorto- 
pulmonary artery openings, simple ligation 
such as was employed in the above case would 
almost certainly not meet with uniform suc- 
cess. Such a ligature would in some instances 
incompletely close the shunt or in others 
might very well cut through and allow re- 
establishment of the fistula. It would seem 
to be more nearly ideal to carry out a complete 
division and a separation of the aorta and 
pulmonary artery, making a separate closure 
of each vessel wall. To accomplish this would 
require the manufacture of some appropriate 
clamps, one of which could conceivable be 
placed on the aorta to isolate the involved part 
of the aortic wall, while not obstructing the 
main aortic flow. Another similar clamp could 
be placed on the pulmonary vessel. It would 
seem that an instrument such as that in- 
geniously devised by Potts for performance of 
aortopulmonary artery anastomosis in pa- 
tients with tetralogy of Fallot could be re- 
vamped to accomplish the task at hand. How- 
ever, examination of the region quickly indi- 


sates that these vessels are very large, very 


tense, have little room between them, and are 
difficult to circumvent in their entirety; be- 
cause of these various factors it might be 
nearly impossible to devise instruments which 
would suitably isolate appropriate portions 
of the aorta and pulmonary artery. 

After successfully treating the above child 
it is felt that the fortunate outcome has been 
attended by a high degree of luck and that 
simple ligature might lead to disaster if at- 
tempted in all cases of aortopulmonary artery 
fenestration. In spite of its shortcomings as a 


universal method of treatment, the fac’ re. 
mains that tape ligation was successful in: this 
patient and the method might well be em- 
ployed in other suitable, selected cases. 


SUMMARY 


During fetal life incomplete develop: nent 
of the septum between aorta and pulmo tary 
artery can lead to persistence of an op¢ ning 
between the first portions of these vessels, just 
above the semilunar valves. Such a commu iica- 
tion permits a left to right shunt, producing 
the clinical picture, roentgenologic cha:iges, 
and physiologic disturbances which closely 
simulate those accompanying a patent ductus 
arteriosus. By cardiac catheterization the two 
conditions can be differentiated if the operator 
is fortunate enough to pass the catheter directly 
through the opening which exists between the 
first portions of these two major vessels, 
Retrograde aortography can visualize the 
defect. If a patient is explored, believing there 
is a patent ductus arteriosus, and none is 
found, an aortopulmonary communication can 
be identified by observing the point of maxi- 
mum intensity of the thrill within the pulmo- 
nary artery. Digital pressure in the region 
normally occupied by a patent ductus will not 
abolish the thrill, whereas digital pressure 
over the groove between the first portions of 
the aorta and pulmonary artery will shut off 
the thrill. 

A case is reported in which surgical attack 
has been made on a defect between the first 
portions of the aorta and pulmonary artery, 
this patient having been followed for three 
years since surgical closure. As far as is known, 
this is the first instance of successful surgical 
correction of this congenital abnormality. 
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A Study of Factors Related to Effects of 
Quinidine in Experimental Auricular 
Flutter 


By Barsara B, Brown, Pu.D. 


Increasing doses of quinidine cause increased slowing of the auricular rate in flutter of circus 
movement origin, and maximally tolerated doses cause reversion to sinus rhythm. Quinidine length- 
ens conduction time in the nonfluttering auricle, and the effect increases as the dose is increased. 
Refractory period is lengthened equally by small and large doses. Experimental results suggest 
that the effects of quinidine on the auriculoventricular conducting mechanisms are of three types, 
(1) direct depressant, (2) vagal block, and (3) reflex sympathetic stimulation, and that these effects 
are manifest to different degrees depending upon dose and the state of innervation to the heart. 


URING the past 30 years considerable 
information has been accumulated on 
the effects of quinidine on the heart. 
Much of the information was obtained in- 
directly. Multiple, direct leads from the heart 
have been used only by Lewis and his associ- 
ates in 1921' and by Gilbert and co-workers 
in 1951.2 Lewis and his associates attributed 
the action of quinidine in auricular flutter to its 
effect on refractory period. This explanation 
has been widely accepted. Gilbert and co- 
workers, however, reported that lengthened 
refractory period frequently but not always 
occurs when quinidine prevents fibrillation. 
The observations of Gold and colleagues’ also 
conflict with those of Lewis. They found that 
quinidine accelerated, rather than slowed, the 
sinus rate and did not influence or even en- 
hance A-V conduction which Lewis and co- 
workers had reported as being impaired. 
In view of the conflicting data, a systematic 
re-evaluation of quinidine was undertaken. 
The actions of quinidine on experimental 
auricular flutter of circus movement origin 
were determined and were correlated with its 
auricular and ventricular effects as influenced 
by auricular rate under controlled conditions. 


MeETHOD 


The experiments were conducted in 40 dogs, 
weighing between 16 and 23 Kg., anesthetized by 


From the Pharmacology Department, Research 
Laboratories, The Wm. S. Merrell Company, Cin- 
cinnati, Ohio. 


the intraperitoneal injection of 0.7 ec. per kilogram 
of Dial with urethane solution (Ciba). Blood pres- 
sure was recorded from the carotid artery. Auricular 
electrograms were recorded and the electrocardio- 
gram was taken from pericardial tissue near the 
ventricular apex. Injections were made into the ex- 
ternal jugular vein. The reported results were ob- 
tained in dogs in which the blood pressure was at 
least 60 mm. Hg and the rectal temperature main- 
tained at 37 C. by external heat. . 

Auricular Flutter. Flutter was induced according 
to the method of Rosenblueth and Garefa Ramos. 
Either an area of right auricular wall including some 
auricular and inferior vena caval tissue or a small 
area on the body of the right auricle was crushed. 
Brief, rapid electrical stimulation of the auricle 
then initiated flutter with a regular rate in the 
range between 300 and 600 beats per minute. Once 
induced, the flutter continued at a steady rate for 
many hours. It was demonstrated in many experi- 
ments, using the procedure of Rosenblueth and 
Garcia Ramos, that the flutter induced was of the 
circus movement type in which a single impulse 
circulated continuously around or in the vicinity of 
the crushed area. 

Auricular Functions. The auricle was driven 
with electric shocks, recording at a distance from 
the point of stimulation. The driving frequency was 
increased until the maximal rate at which the 
auricle followed rhythmic stimuli was established. 
Maximal rate occurs when the interval between 
stimuli is just longer than that during whic! no 
response can be elicited even with high volt:ges, 
and is used as a measure of effective refractory 
period. Electrical excitability was measured by 
determining the minimal voltage required for the 
auricle to follow each stimulus at each of the dri. ing 
frequencies employed. Speed of the recording p. per 
was increased from 15 to 60 mm. per second so «iat 
conduction time could be measured. When efi 
of nerve stimulation were studied, the nerve 
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simul: ted while driving the auricle at each fre- 
quenc: . In all determinations of auricular function, 
ventri ular rate was recorded simultaneously. 

Rec rding and Stimulation. Changes in electrical 
activi' « in the auricle were recorded from pairs of 
silver ‘lectrodes with small interelectrodal distance 
2 to 3 mm.) which were clipped lightly to the 
auricu ar muscle. Stimulating electrodes were of 
simila’ design. All recordings were made by means of 
4 fou. channel ink-writing oscillograph (Grass) 
and wore made continuously during all experiments. 
\ mo‘el 83C Grass stimulator giving square waves 
was e-aployed. For auricular stimulation the pulse 
duration was always 1 millisecond, the frequency 
was vuried from 2 to 15 per second, and current 
strength was varied from 0.5 to 15 volts. The 
duration of stimulation of the auricle was generally 
about 20 seconds or until adequate records for 
analysis could be taken. Maximal nerve stimulation 
was effected by using the lowest frequency of 
stimulation which slowed or accelerated the ventricle 
significantly and a voltage above which no further 
change could be produced. For the cut central end 
of the vagus this was stimuli of 0.2 or 0.5 milli- 
second duration at a frequency of 10 to 30 per 
second and a voltage of 10 to 20. The sympathetic 
chain was stimulated by placing the electrodes 
between the stellate and the ganglion of T-2, after 
freeing the chains of all connections except the 
postganglionic cardiac fibers arising from the 
stellate ganglion, using a pulse duration of 0.01 
millisecond, a frequency of 2 or 60 per second, and 
a voltage of between 20 and 40. 


RESULTS 


Auricular Flutter. The effects of increasing 
doses of quinidine on auricular and ventricular 
rates of innervated hearts are illustrated in 
figure 1. Maximal auricular slowing occurs 
within two minutes after injection. With doses 
of 4 mg. per kilogram, the marked slowing was 
usually followed by sudden reversion to a 
sinus rate within five minutes at a time when 
the auricular rate was already recovering. 
The ventricular rate in innervated hearts during 
flutter was either increased or decreased by 
quinidine. In general, doses of 2 mg. per kilo- 
gram increased, while doses of 4 mg. per kilo- 
gram decreased ventricular rate. 

D: a on the effects of different doses of 
quinidine on auricular and ventricular rates 
duri flutter in both innervated and de- 
cent: lized (denervated) hearts are summarized 
in th » form of dose-response curves in figure 2. 
The ‘mount of auricular slowing increases as 


the dose is increased from 0.5 to 4 mg. per 
kilogram in both innervated and denervated 
hearts. The action of any particular dose of 
quinidine on ventricular rate during auricular 
flutter is extremely variable in hearts with 


e@ AURICLE 
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Fig. 1. Effect of increasing doses of quinidine on 
auricular and ventricular rates during auricular 
flutter of cireus movement origin in a heart with in- 
tact innervation. R indicates reversion to sinus rate; 
S indicates stimulation to reinitiate flutter. 
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Fic. 2. Relation between dose of quinidine and 
effect on auricular and ventricular rates during 
flutter of cireus movement origin both in innervated 
and in decentralized (denervated) hearts. Each 
point represents the mean for at least five deter- 
minations. 


intact innervation. Slowing occurred both with 
small (0.5 mg. per kilogram) and with large 
(4 mg. per kilogram) doses, while an increased 
ventricular rate frequently occurred with 
doses of 1 and 2 mg. per kilogram. In four 
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experiments with innervated hearts, these four 
doses were given successively with an interval 
between injections sufficient to allow full 
recovery of blood pressure and of auricular and 
ventricular rates. The resulting dose-response 
curves were like those of figure 2. In three of 
the experiments the ventricular rate was in- 
creased at doses intermediate between the 
minimally effective and maximally tolerated 
doses. In the fourth experiment no increase of 
ventricular rate occurred but the slowing 
caused by the intermediate doses was less than 
that caused by the small and large doses. 

When both vagal and sympathetic innerva- 
tions to the heart were sectioned, quinidine 
always slowed the ventricular rate, and the 
amount of slowing increased slightly but not 
significantly as the dose was increased (fig. 2). 


TABLE 1.—Incidence of Reversions from Flutter to 
Sinus Rate Produced by Quinidine Sulfate 


Vagotomized and 
Sympathectomized 
No. reversions 
No. injections 


| Intact Innervation 
No. reversions 


‘No. injections 


0/7 0/4 
1/8 2/7 
1/7 1/5 
5/5 | _ 


The frequency of reversion from flutter to 
sinus rate after the injection of different doses 
of quinidine is given in table 1. The number of 
reversions produced by doses less than 4 mg. 
per kilogram is insignificant in both inner- 
vated and denervated hearts. When 4 mg. 
per kilogram was injected, reversion occurred 
in all of the five innervated hearts studied. 
The rate of injection ranged between 0.5 
and 2 mg. per kilogram per minute depending 
upon the dose and blood pressure level. The 
injection rate was slower with large doses in an 
effort to maintain a blood pressure above 60 
mm. Hg. In these experiments doses of 8 to 
16 mg. per kilogram were lethal to three of 
eight dogs when innervation to the heart was 
intact, while 4 to 8 mg. per kilogram were 
lethal for three of five dogs in which the heart 
had been denervated. 

Conduction Time. The time for an induced 


auricular wave to pass from the proxima! to the 
distal recording leads (diagram, fig. 3.') wa 
measured in milliseconds directly frorn the 
electrograms (14 experiments). Figure 3; 
illustrates the increased conduction time at jj 
auricular rates produced by 2 mg. pe kilo. 
gram of quinidine. The effect increased as the 
dose was increased, and maximally to'erate) 
doses of 8 mg. per kilogram doubled conc uuctioy 
time. 

Refractory Period and Excitability (/4 Ey. 
periments). As the driving rate is increas-d, the 
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Fic. 3. A. Effect of quinidine on auricular con- 
duction time as related to auricular rate. Limits of 
error are indicated by lengths of bars. 8 in diagram 
of auricle is point of stimulation; 1 and 2 are pairs 
of recording leads. 

B. Effect on auricular excitability in terms of 
voltage relative to that required at the lowest auric- 
ular rate. Auricular rate is indicated as its reciprocal, 
that is, interval between beats. R-1 and R indicate 
shortest intervals between effective stimuli before 
and after quinidine, and are an estimation of effec- 
tive refractory periods. 


interval between responses is shortened, and 
voltage required for the auricle to follow repe- 
titive stimuli is increased until an interval is 
reached at which conducted responses fail to 
occur. This is a measure of effective refractory 
period and is indicated in the graph of figure 
3B by the arrows R. Doses of 8 mg. per kilo- 
gram increased thresholds to electrical stim- 
ulation, especially at high auricular rates, and 
lengthened the effective refractory period by 
30 to 40 per cent. Doses of 2 mg. per kilogram 
caused a similar lengthening of effective 
refractory period but did not significantly alter 
auricular excitability. 

Ventricular Rate. The effect of quinidi e on 
ventricular rate was investigated in 20 dogs 
according to the procedure previously de- 
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eribe by Brown and Acheson.’ The auricle 
iven by electric shocks at frequencies 
x» between 200 and 600 per minute. 
The elation between ventricular rate and 
quricl ar rate was expressed as the ratio 
y A, and plotted against the auricular rate 
fig. ‘). The resulting curves indicate the 
sing ability of the ventricle to follow the 
quricl the auricular rate is increased; 
yentri‘ular-auricular ratio (V/A) 
0 to 0.5 and below. 


was ( 


varyii 


decre 
as 
decreases 
from 

@— CONTROL 


O--AFTER QUINIDINE 


VAGOTOMY AND 
SYMPATHECTOMY 


T INNERVATION VAGUTOMY 


‘ MG /KG 
—— 


+ . r 1 ~ + co 1 r T 4 
400 500 300 400 50° 600 300 400 500 300 400 500 


AURICULAR RATE 
Fic. 4. Examples of the different effects of quini- 
dine on the ratio of ventricular to auricular rate 
V/A) at different auricular rates in hearts with dif- 
ferent states of innervation. 
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Fig. 5. Effect of quinidine on the ratio of ventricu- 
lar to auricular rate (V/A) at different auricular 
rates in decentralized hearts with and without vagal 
and sympathetic stimulation. Auricular rates in beats 
per minute are given on the abscissas. 


When innervation to the heart was intact, 
doses of 4 mg. per kilogram of quinidine de- 
crease| the ability of the ventricle to follow 
the auricle as illustrated in figure 4. The effects 
produ:ed by smaller doses of 2 mg. per kilo- 
gram vere variable. In two of four experiments 
this «ose increased the ventricular-auricular 
ratio (V/A) at increasing auricular rates 
(fig. while in a third experiment it was 
ed, and in a fourth this ratio was un- 
chang -d. 


decre 
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Following vagotomy, doses of 4 and 8 mg. 
per kilogram (fig. 4) caused little or no change 
in the ventricular-auricular ratio (V/A) at 
the different auricular rates. In two experi- 
ments, repeated doses of 8 mg. per kilogram at 
30 minute intervals failed to alter the ventric- 
ular-auricular curve. 

When both vagal and sympathetic nerve 
supplies to the heart were eliminated, doses of 
4+ and 8 mg. per kilogram regularly decreased 
the ventricular-auricular ratio (fig. 4). The 
same doses of quinidine also impaired the de- 
pression of ventricular rate produced by vagal 
stimulation (fig. 5), although the magnitude 
of effect varied from animal to animal and 
was greatest at rates of auricular stimulation 
above 300. Similarly, the enhancement of 
ventricular-auricular ratios during sympathetic 
stimulation was also impaired (fig. 5). 


DISCUSSION 


Soon after Drury and Iliescu® first demon- 
strated that quinidine slows the rate of auric- 
ular flutter and fibrillation, Lewis and co- 
workers! investigated the effects of quinidine 
on refractory period and conduction in the 
dog’s auricle by direct measurement, and 
postulated that reversion from flutter occurred 
because of a lengthened refractory period. 
These authors considered the marked slowing 
of conduction time, but concluded that circus 
movement was terminated by quinidine only 
in those cases in which lengthening of re- 
fractory period predominated over slowed 
conduction. The recent report by Gilbert and 
associates? stated that, while lengthening of 
refractory period was the most marked change 
coincident with termination of postfaradic 
fibrillation, it was not necessarily an accom- 
paniment. 

The influence of refractory period on the 
mechanism of reversion in circus movement 
flutter was studied recently by Brown and 
associates.’ Employing compounds which con- 
sistently lengthen refractory period, it was 
found that (a) compounds with little effect 
on conduction time are more likely to cause 
reversions of circus movement flutter, since 
the rapidly moving impulse meets refractory 
tissue, and (b) compounds which lengthened 
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conduction time cause marked slowing of 
flutter with little tendency to reversion, since 
there is an adequate interval for recovery from 
refractoriness in the circuit. The latter relation- 
ship appears to hold true for doses of 0.5 to 
2 mg. per kilogram of quinidine. Larger doses 
cause no greater lengthening of refractory 
period than small doses, but they do cause 
significantly greater prolongation of conduction 
time. This would seem to mean that these doses 
of quinidine would not cause reversions but 
would merely slow the flutter. Actually, doses 
of 4 mg. per kilogram consistently cause re- 
versions. The reversions consistently occurred 
after the peak of conduction velocity slowing 
(fig. 1). This suggests that recovery from 
lengthened refractory period proceeds more 
slowly than recovery from slowed conduction 
velocity. At the time of maximal slowing of 
conduction velocity, the gap between head 
and tail of the impulse is wide enough for 
flutter to continue. While the mechanisms 
underlying conduction time begin to recover, 
the effective refractory period remains length- 
ened. The result is a shortening of the gap 
until it is obliterated and reversion occurs. 
The present investigation thus suggests that 
the Lewis hypothesis holds true, and that 
whether or not reversions occur (in experi- 
mental circus movement flutter) depends upon 
the temporal relation between effects of 
quinidine on refractory period and on con- 
duction velocity. Following the oral adminis- 
tration or intravenous infusion of quinidine a 
different relationship could exist. 

Experiments done in this laboratory indicate 
that quinidine may also markedly slow auric- 
ular flutter induced by aconitine according 
to the method of Scherf. The degree of auricular 
slowing in these experiments also parallels the 
amount of slowing of conduction time; how- 
ever, the auricular electrogram frequently 
becomes disorganized and may even briefly 
increase in rate when small doses are ad- 
ministered. Additional evaluations employing 
aconitine-induced flutter are required before 
its action in different auricular arrhythmias 
can be understood. 

The ventricular effects of quinidine are due 


to varying combinations of direct depressay; 
action and its action on the innervation, both 
of which in turn are dependent upon th» dose. 
Previously, effects of dosage have 1: ceive 
little attention and no differences 1 the 
effects of different doses have been re orted. 
Regarding innervation, Megibow and Katz’ 
reported that during faradically mai tained 
auricular fibrillation quinidine depressed A-Y 
conduction in the denervated heart through q 
direct action but that enhancement occurred 
in the innervated heart by reflex vagal action 
arising from vasodepression. 

Large doses of quinidine depress the ability 
of the ventricle to follow the auricle both in 
innervated and in denervated hearts. Small 
doses affect ventricular rate similarly. These 
results can be explained by a direct depressant 
action of quinidine on _ auriculoventricular 
conduction mechanisms. In innervated hearts, 
doses intermediate between the minimally 
effective and the maximally tolerated ones 
often increase ventricular rate during auricular 
flutter and also may increase the ventricular- 
auricular (V/A) curves in the nonfluttering 
heart, while both are depressed in denervated 
hearts by these doses. In addition, intermediate 
and large doses partially block the effect of 
vagal stimulation on ventricular rate. These 
results indicate that a second action of quin- 
idine is that of vagal block. Further, reflex 
action via the sympathetics is suggested be- 
‘ause the ventricular rate is unaffected in 
vagotomized hearts by doses which cause 
depression of the ventricular-auricular (V/A) 
curve in innervated and in denervated hearts. 
Since quinidine partially blocks the ventricular 
effects of sympathetic stimulation, the data 
suggest that the depressant action may be 
functionally antagonized by this reflex action. 
Stated more simply, small doses are adequate 
to cause direct depression but not to cause 
effects on the innervation; intermediate doses 
produce partial vagal block and probally re- 
flex sympathetic action which are of such 
degree that the direct depressant eff ct is | 
often obscured, while the direct depression 
obtained with large doses of quinid:ie 1s 
greater than effects on the innervation. 
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SUMMARY 


A wricular Effects. Increasing doses of quin- 
idin cause increased slowing of auricular rate 
in fi :tter of cireus movement origin. Maximally 
tole ated doses cause reversion to sinus 
thy am. In the nonfluttering auricle quin- 
idin’ lengthens conduction time and _ the 
effe': is increased as the dose is increased. 
Refi ietory period was lengthened similarly by 
bot! large and small doses. The threshold of 
auricular excitability was raised only by large 
doses and generally only at high auricular rates. 

Ventricular Effects. When both vagal and 
sympathetic nerve supplies to the heart were 
sectioned, quinidine always impaired the 
ability of the ventricle to follow the auricle, 
and slowed the ventricular rate during auricular 
flutter. Ventricular rate was unaffected when 
the sympathetics were intact and the vagi 
were cut. In hearts with intact innervation 
large and small doses depressed ventricular 
rate while the effect of intermediate doses 
was variable. 
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Observations on the Atria of the Human 
Heart by Direct and Semidirect 
Klectrocardiography 


By R. Weneer, M.D., ann D. Hormann -CrepNrer, M.D. 


By evaluation of direct electrocardiographic leads from the right atrium and semidirect esophag 
eal leads from the left atrium, “atriodiagrams”’ have been constructed for both atria. The spread 
of activation in the atria has been studied under normal conditions as well as in cases of mitra! 
heart disease, cor pulmonale, etc. In cases of doubtful enlargement of the left atrium, esophageal 
electrocardiograms may be helpful for diagnosis. In six cases of auricular flutter the results wer 


not uniform. 


HE DEVELOPMENT of cardiac cath- 

eterization':* has enabled various au- 

thors*- to investigate the human heart 
by direct electrocardiography. In the present 
paper we have used this method for recording 
the potentials of the inside of the right atrium. 
Also the introduction of esophageal leads into 
clinical electrocardiography'** has opened 
a wide field of research. These leads are 
especially valuable in studying the left atrium 
since they constitute semidirect leads of this 
chamber. 

Our investigations were performed by means 
of ordinary cardiac catheters which contain 
a wire and so represent an electrode. For 
esophageal leads we used an electrode with 
a selector switch, which enabled us to take 
11 leads from different points in the esophagus 
without moving the electrode.*® Ten normal 
subjects and 40 patients with various cardiac 
diseases were studied. 

An essential feature of direct and semidirect 
leads from atrial muscle is the intrinsic de- 
flection of the P wave. The theory of Lewis 
that these deflections correspond to the time 
when activation passes the electrode has been 
attacked by various authors. Recent experi- 
mental findings, however, speak in favor of 
the opinion that it is not inaccurate to use the 
intrinsic deflections in both intracardiac and 
esophageal leads as an indication of the time 


From the First Medical University Clinic, Vienna, 
Austria. 


of arrival of the process of activation under 
the electrode.“’-* 

We have attempted to develop a simple 
mathematical formula for these relations. For 
the purpose of excluding, as far as_ possible, 
the influence of different heart rates, we have 
correlated the interval from the beginning 
of the intrinsic deflection of the P wave to 
the beginning of the QRS complex as measured 
in a simultaneously recorded lead IT (referred 
to as the i-Q interval) with the P-Q interval. 
Obviously the ratio P-Q/i-Q is increased when 
the activation of the point under the electrode 
is retarded and decreased when the reverse 
occurs. We examined this ratio in 40 normal 
persons by statistical methods” and found 
that the average value was 1.7 (standard 
deviation 0.164). It never exceeded 2.0. In 
10 cases with enlarged left atria the quotient 
was 2.49 (standard deviation 0.32). We recom- 
mend this method for use in cases of doubtful 
enlargement of the left atrium (mitral heart 
disease, left ventricular hypertrophy, con- 
genital heart diseases, advanced pregnancy 
with elevated diaphragm). We constructed 
atriodiagrams for both atria by using the 
distances from the diaphragm to the electrode 
as ordinates and the ratio P-Q/i-Q as ab- 
scissas. We are fully aware of the difficulties 
which arise from the fact that we could |: calize 
our endoatrial electrode only by meas of 
orthodiagrams made in one plane. Fig 
shows the construction of an atriodiagra: 

It has been stated by various author: 
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tha’ in the right atrium there may be a dif- 
ferece in the appearance of the intrinsic 
deflections in the cranial and the caudal por- 
tiol » of the atria of as much as 0.06 second. 
The atriodiagram of the right atrium shows in 
mor’ cases a fairly typical pattern. The line 
detirmined by the values discussed in the 
pre: ding paragraph descends from the upper 
left 0 the lower right quadrant. The very first 
activation in many cases may be seen at the 
polit’ Which more or less corresponds to the 
region Of the sinus node. The activation of 
the uppermost region of the right atrium is 
sometimes 0.01 to 0.02 second later than that 
of the region of the sinus node. 

The normal pattern of the left atriodiagram, 
recorded by means. of esophageal leads, is 
entirely different from that of the right atrium. 
There is no marked obliquity of the line form- 
ing the diagram. This means that different 
points of the posterior wall of the left atrium 
normally become activated at approximately 
the same time. This diagram represents a 
more or less vertical line which only shows 
slight bulges or spikes. Figure 2 shows the 
diagrams of several normal subjects. 

In four patients who showed a P mitrale 
we found an almost normal diagram for the 
right atrium, whereas the diagram for the left 
atrum showed a broad bulge. This confirms 
the opinion that local retardations of the 
conduction in the left atrium cause the wid- 
ening and notching of the P Wave in leads 
land IT. In figure 3 the esophageal diagram 
is widely deformed between 6 and 14 em. above 
the diaphragm. 

In one patient who showed a P pulmonale 
We found on the right as well as on the left 
side in almost normal atriodiagram (fig. 4). 
This supports the assumption that the pul- 
moniry P wave is due less to retardation of 
condiiction than to variations of the local 
potenials, especially in the right atrium. 

Th re are examples in which patterns of 
the rzht atriodiagram differ from the normal 
patte n in that caudal regions of the atrium 


hecore activated earlier than more cranially 
situa’ -d portions. In one patient who showed 
such: diagram there was also a partial right 
bund.» branch block Which furnished further 


evidence for the assumption of local dis- 
turbances of conduction in this case. We could 
not find any sign of atrioventricular rhythm 
in this patient. As far as we know, there is at 
present no other way of diagnosing such local 
disturbances of conduction in the right atrium 
(fig. 5.4). 

In the left atrium there may also be other 
causes of deformity of the atriodiagram. In 
one case of postdiphtheritic paresis there was 
a broad and notched P Wave in leads I and IT. 
The esophageal leads revealed that in this 
case the deformity of the P Wave was not 
accompanied by a bulging of the left atrio- 
diagram, as it has been shown in cases of P 
mitrale. The left atriodiagram showed a curve 
Which closely corresponded to that of a normal 
right atrium (fig. 5B). Therefore there was a 
considerable delay of conduction in the middle 
and caudal portions of the left atrium. The 
absolute values of the ratio did not exceed 2.0. 


AURICULAR FLUTTER 


There is no need to discuss the various 
theories of the mechanism of auricular flutter. 
The two main theories attribute the dis- 
turbance to (1) a circus movement*-#9 and 
(2) frequent recurring stimuli.5°-5! 

We examined six cases of auricular flutter. 
In three of these cases we could record intra- 
cardiac and esophageal leads simultaneously. 
In two of these cases there were very remark- 
able findings: the quotient in the esophageal 
leads showed a continuous prolongation from 
points near the diaphragm to the uppermost 
portions of the left atrium. The values in the 
right atrium, where the direction of conduc- 
tion was normal, agree, when brought into 
correlation with values of the esophageal 
electrocardiogram, with the assumption of a 
closed circus. Figure 6 shows the finding in 
one of these two cases in a schematic illustra- 
tion. In table 1 the i-Q values of the case are 
presented. 


Discussion 
The method of obtaining “atriodiagrams”’ 
from both atria makes it possible to compare 
the conditions of conduction in the atria. 
As mentioned before, the atriodiagram of the 
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OBSERVATIONS ON ATRIA OF THE HUMAN HEART 


Pg 
te 
A B 


Fic. 54. Abnormal right atriodiagram from a 
patient with arteriosclerotic coronary artery dis- 
ease. The direction is the reverse of the normal and 
indicates that more caudally situated regions of the 
right atrium are activated earlier than more cranial 
ones. This is perhaps a sign of local conduction dis 
turbance. 

Fic. 5B. Abnormal left atriodiagram from a pa- 
tient with postdiphtheritie paresis. Leads from caudal 
portions of the esophagus, which is close to the left 
atrium, show activation much later than leads from 
the cranial portions. This is regarded as a sign of 
local conduction disturbance in the caudal part of 
the left atrium. 


right atrium reveals a craniocaudal direction 
of activation, whereas the atriodiagram of the 
left atrium shows no time differences at 


various levels above the diaphragm. Probably 


the excitation wave coming over from the 
right atrium reaches the left atrium at dif- 
ferent points above the diaphragm more or 
less at the same time. It might be objected 
that this finding in the esophageal leads is 
due to the fact that there is a distance of a 
few millimeters up to 1.0 cm.*: * between the 
muscular wall of the left atrium and _ the 
esophagus. However, there are instances (as 
in local disturbances of conduction or in 
auricular flutter) where the pattern of the 
left atriodiagram is entirely different from the 
normal; we judge from this that the diagram 
reflects relatively objectively the course of 
activation of the left atrium. 

The findings in two of our cases of auricular 
flutter would agree with the theory of circus 
movement. Our records speak in favor of the 


Fig. 6. Schematic illustration of a sagittal si ctio; 
through both atria in two eases of auricular fi itter 
Kach number corresponds to 0.01 second and js re 
lated to a zero point at the base of the left ai rium 
(See table 1.) The numbers are obtained by simul 
taneous esophageal and endoatrial leads. The finding 
in these two cases are compatible—with certain 
restrictions—with the hypothesis of circus move 
ment. 


Taste 1. Tabulation of Values Shown in Fu 


Esophagus 


Right Atriun 


i-Q reduced i-Q i-Q rec 


Ol 
.02 
.03 
04 
06 
07 


Length of a evele is 0.21 second. 

The i-Q distances in the esophagea! leads are 1 
duced to a value 0 for the inferior part of the left 
atrium (right column). In the right part of the table 
the i-Q distances of three points of the right atrium 
are registered. They are reduced in the same way as 
the esophageal values (see also fig. 6). 


assumption that a wave of activation ascends 
in the region of the left atrium, as registered 
in the esophageal electrocardiogram, and 
descends in the right atrium. It is not possible 
to judge from these facts what would |e the 
exact course of the circulating stimulus. The 
fact that different leads obtained at about the 
same heights above the diaphragm othe 
anterior wall of the right atrium reve: | the 
same i-Q interval speaks in favor othe 
opinion that there would be a relatively road 
circulating wave. 
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‘Tie form of the P wave also agrees with the 
con eption of a circus movement in the men- 
tion -d direction. In the esophageal leads we 
fou. d QS patterns of the P waves in the low, 
RS oatterns in the middle and R patterns in 
higl regions of the retroatrial esophagus. In 
the ‘ight atrium the same change of patterns 
was to be seen, but, just as in normal cases, in 
the reverse direction, from the region of the 
sup¢ rior cava to the region of the in- 
fericr Vena cava. In the regions of both venae 


veha 


eavee, as Well as in the uppermost parts of 
the left atrium, there seemed to exist smaller 
activation, which might be inter- 
preted as secondary waves leaving the main 
or mother wave. 


waves of 


This would correspond to 
the experimental findings of Lewis.7:* The 
four other cases showed different findings, 
which would speak more in favor of another 
mechanism of excitation.* 


SUMMARY 


Direct leads from the right atrium obtained 
by cardiac catheterization and semidirect 
leads from the left atrium obtained by eso- 
phageal. leads were recorded simultaneously 
in 50 human subjects. 
of the “atriodiagram”’ 
normal subjects. 

The different paths of activation of both 
atria, as shown by these investigations, are 
discussed. The activation of the right atrium 
proceeds in a craniocaudal direction, whereas 
the left atrium becomes activated in a more 
or less right to left direction. 

The pattern of the atriodiagrams in cases 
showing P mitrale and P pulmonale are shown. 
In cuses showing P mitrale there is a typical 
deformation of the left atriodiagram, indicat- 
ing local delay of activation in the left 
atriun. In cases showing P pulmonale there 
seem to be no greater disturbances of conduc- 
tion 


The normal appearance 
has been studied in 10 


Ti» method makes it possible to diagnose 
loca! disturbances of conduction in the right 


* 


ter we had completed this paper we learned 
of th very convincing report by Prinzmetal and co- 
work: rs on auricular arrhythmias in animals. Their 
resul s do not agree with the theory of circus move- 
ment 


as well as in the left atrium. It may also be 
helpful in cases of doubtful enlargement of 
the left atrium. 

The results of our investigations on six 
cases of auricular flutter are briefly discussed. 
The results were not uniform in all six cases. 
However, they are interpreted to show that a 
circus movement might be present in some of 
the cases of auricular flutter. 
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Certain Inevitable Relationships among the 
“Unipolar” Extremity Leads 


By Pauu H. Lanener, Jr., M.D., J. MALVERN Bengamtn, JR., M.S., AND Samuet R. Moors, M D, 


It is demonstrated in this paper, both mathematically and experimentally, that the scalar sums 


, 


of the three ‘unipolar’ 


extremity leads when recorded with resistors of high value in the neutral 


network must equal zero if all the possible sources of error are eliminated. However, this fact has 
no bearing upon the validity of the Einthoven hypothesis or upon the theoretic concepts under- 
lying the Wilson central terminal. In fact, when any three points are chosen at random to make a 
central terminal and the potential differences between each of the three points in turn and the 
central terminal are recorded, the scalar sum of these potential differences will invariably equal zero. 
It is also shown why any augmented “unipolar” extremity lead must be exactly 50 per cent greater 
than the respective unaugmented “unipolar” extremity lead if properly recorded. 


T IS the purpose of this paper to discuss 
two properties of the three “unipolar” 
extremity leads' commonly used in elec- 

trocardiography. The two properties are: 

(1) The algebraic sum the potential 
differences recorded by the three “unipolar” 
extremity leads must equal zero. 


of 


Vet+V,+Vr=0 


(2) An augmented ‘unipolar’ extremity 
lead? must be 50 per cent larger than the re- 
spective unaugmented 
lead. 


“unipolar” extremity 


an U7. 
2Vr 
mm aw 
Vy 


= iVr 


aVr 
aV, 
aVr 


We shall demonstrate that these two properties 
must be true independent of the validity of 
the hypothesis. Therefore, this 
paper has no bearing upon the validity of the 
Einthoven hypothesis.*-* This discussion is 
undertaken because differences of opinion have 
been expressed regarding the nature of the 
relationships expressed in (1) and (2). 

It seems to be a rather common belief that 
since the sum of the “unipolar” extremity 
leads is zero, the Wilson central terminal must 
be a zero potential electrode. On the other 
hand, the opposite point of view has also been 


Einthoven 
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expressed. Katz’? writes that, “This deviation 
lof the central terminal from zero] ean be 
readily demonstrated by algebraically adding 
the sum of Vr, Vp and Vy. Theoretically their 
sum should equal zero if they are truly ‘uni- 
polar’ leads in an equilateral triangle. Actually 
this is not true and often their sum is far re- 
moved from zero.” Simonson and Keys? state 
~The crux of the theory is the assumption that 
the algebraic sum of the true absolute po- 
tentials for the recording positions of the three 
limbs is equal to zero.” 

When one first considers that the algebraic 
sum of the voltages recorded by the three 
“unipolar” extremity leads must equal zero, 
it may be difficult to see why this does not 
prove that the Wilson central terminal itself 
is at field zero.* However, it will be shown 
below that when any three points on the body 
are connected to form a central terminal and 
then leads are taken by recording the potential 
difference between this central terminal and 
ach of the three points in turn, the algebraic 
sum of the potential differences recorded in 
these three leads will be zero. Thus, the suc- 
cessful performance of this experiment wil! do 
no more than verify this mathematical rela- 
tionship. It will not throw any light on the 
degree to which the Wilson central term/nal 


put 
on 


* There has never been any misconception 4 
this point in the original papers by Doctor W 
and his colleagues whose mathematical analyses 
always been beyond criticism. 


ve 
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its If approaches a true field zero potential. 
Tl. type of experiment necessary to explore 
th degree to which the Wilson central terminal 
ap roaches field zero potential would have to 
be one which checks the degree to which the 
Fi thoven hypothesis is approximated by con- 
dit ons existing in the living human body. 

nother related problem that has recently 
ap; cared in the literature pertains to the 
rel: (ionship between the augmented and 
un: ugmented “unipolar” extremity leads. Si- 
monson and Keys* studied this problem and 
concluded that, “A quantitative comparison 
between V and aV leads revealed such tre- 
meidous variability of the augmentation ratio 
both interindividual and between leads in the 
same individual that standards obtained with 
V leads are not applicable to aV leads and vice 
versa.” This conclusion seems to be incorrect in 
light of our experimental observations and our 
analysis of the circuits involved. It can be 
shown both mathematically and experimentally 
that an augmented “unipolar” extremity lead 
must be 50 per cent larger than the respective 
unaugmented “unipolar” extremity lead, pro- 
vided ne error in technic has been made, the 
phase of respiration in which the leads are 
taken is the same, and the effect of skin re- 
sistances has been minimized. 


[EXPERIMENTAL DEMONSTRATION 


When the three ‘‘unipolar” extremity leads, 
either augmented or unaugmented, are re- 
corded simultaneously on a three channel 
instrument the areas under the deflections 
must add up to zero for any given heart beat 
provided no technical error has occurred. In 
fact, one can attach the three lead wires in- 
tended for the right arm, left arm and left leg 
to eny three points on the body, record three 
lea’s with the lead selector switch set at 
Va. Vi and Vy in turn, or aVp, aVy and aVy 
int orn, and the sum of the deflection in either 
set of three leads so recorded will add up to 
zev'. provided respiratory phase and other 
pos ble variables are controlled. When either 
set of three such leads is recorded consecu- 
liv. y on a one channel instrument, as is 
usu lly the case, the phase of respiration must 
he xactly the same or the deflections may 


not add up to zero because of a change in 
position of the heart from lead to lead. Another 
fundamental condition that must be provided 
for, whether the leads are recorded simul- 
taneously or consecutively, is the equalization 
of the resistors in the neutral network of the 
central terminal.®: !° Because of the possible 
variation in the resistance between a limb 
electrode and the tissues beneath the electrode, 
ideally these neutral network resistors should 
have very high values so that the skin-electrode 
resistance variations will constitute only a 
small fraction of the total resistance in each 
branch of the neutral network. In routine work 
we must compromise in our choice of the value 
of these neutral network resistors, because as 
these resistances are increased in value, the 
recording system becomes more and more 
susceptible to alternating current interference 
pickup, while, on the other hand, as we reduce 
the value of these resistances, the possible 
error in the neutral point due to the differences 
in contact resistances at the limbs becomes 
greater. In most of our experiments we used 
the traditional 5000 ohm resistors but in six 
experiments 50,000 ohm resistors were used. 
In the study to demonstrate the fact that 
the algebraic sum of the “unipolar” extremity 
leads must equal zero we proceeded as follows: 
In two individuals, using three channels of a 
four channel Sanborn polyviso, 20 series of 
three points were taken at random and the 
electrodes normally placed on the three ex- 
tremities were placed on each of the 20 series of 
three points. Then records were made by 
setting channel 1 on aVp, channel 2 on aVjz, 
and channel 3 on aVy.* Inspection of the 
resulting tracings showed that the sum of the 
three leads so recorded was approximately zero 
but precise measurement was not possible 
when large deflections occurred in a small 
space of time. This factor becomes obvious 


when one places a ruler along a rapidly rising 
deflection. It is not possible to decide whether 
the measurement is 5 mm. or 10 mm. because 


* We chose the augmented ‘‘unipolar’’? extremity 
lead for purposes of convenience but the demon- 
stration is equally applicable to the original ‘‘uni- 
polar’”’ extremity lead. 
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the deflection seems to occur almost instan- 
taneously. To sulve this problem a two channel 
cathode ray oscillograph with an expanded 
time scale was employed since we did not have 
a suitable three channel instrument available. 
In two individuals, six experiments were per- 
formed in which three points were selected so 
that they were all markedly positive (near V5) 


Fic. 1. Three points were selected so that they 
were all markedly positive to field zero. Each lead 
shown is the potential difference between each point 
in turn and the central terminal formed by the june- 
tion of the other two points through 50,000 ohm 
resistors. The algebraic sum of the three instan- 
taneous voltages on each of the eight vertical time 
axes is zero (+0.5 mm.). 


or all markedly negative (near V.) with regard 
to field zero. This fact was verified by checking 
the potential value of each point against the 
Wilson central terminal. Records were made 
using a two channel lead selector switch with 
50,000 ohm resistors in the neutral networks, 
leading into the two channel cathode ray 
oscillograph. The subject was in a shielded 
and grounded room to avoid 60 cycle inter- 
ference. Leads were recorded as follows: The 
lead selector switch was placed on aVa, for 
channel 1 and aV_ for channel 2. Then a second 
pair of leads was made with the switch on aVz, 


for channel | and aV,> for channel 2. Thrs a 
common lead was present in each pair of 
tracings to permit comparison of all ti-ree 
leads in the same phase. A typical experiment 
is illustrated in figure 1. In figure 1 the .wo 
common leads have been superimposed sw ag 


to give the illusion of a three channel record ng, 


Eight vertical lines intersecting each com lex 
at the same phase have been drawn. The v. lue 
of the deflections at the point of intersectio 1 of 
each vertical line was measured and adi:Jled, 
Measurements were made to the nearest. alf 
millimeter. In every case the sum of the 
deflections was within 0.5 mm. of zero. 

In our study, to demonstrate the fact that 
an augmented “unipolar” extremity lead is 
50 per cent larger than the same unaugmented 
“unipolar” extremity lead, records were made 
from 25 individuals in the recumbent position. 
As far as possible the position of the heart was 
controlled in each individual by recording all 
leads in the same phase of held respiration. 
Five thousand ohm resistors were employed in 
the circuit of the central terminal. The de- 
flections recorded by V_ leads were made 
directly comparable in magnitude to those 
recorded by aV leads, by making the standard- 
ization for the former 50 per cent greater than 
for the latter. This technic is more accurate 
than attempting to compare the two types of 
leads with the same standardization for each. 
Fifteen tracings were recorded on the Sanborn 
Visocardiette with standardization for the 
aV leads set at 8 mm. = 1 mv., and for the V 
leads, 12 mm. = 1 mv. Ten tracings were 
recorded by a DuMont Cathode Ray Oscillo- 
scope, type 304-H, using a Sanborn preampli- 
fier built especially for this oscilloscope. The 
‘athode ray was photographed by a Westing- 
house Oscilloscope Camera, Model ph 33671-1. 
The standardization for the aV leads was 1} 
inches = 1 mv., and for the V leads, 2} inches 
= 1 mv. This degree of vertical amplification 
and a film speed of approximately 330 mm. per 
second produced records which reveal the 
electrocardiographic deflection in much gr ‘ater 
detail than seen in conventional electroce “dio- 
grams." 

Occasionally minor variations occurrec be- 
tween individual complexes in the two typ ’s of 
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Fig. 2. Two sets of three ‘‘unipolar”’ 
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extremity leads are illustrated. The leads are labeled. The 


arge leads were made with a cathode ray oscillograph and expanded time scale. The small leads were 
made on a visocardiette. The standardization for the unaugmented leads is one and one-half times 
that for the augmented leads. It will be seen that when so recorded each augmented lead is practically 


‘ent. 


dentical to the respective unaugmented lead demonstrating that the augmentation ratio is 50 per 
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leads, but these were no greater than the 
individual variation between complexes in any 
single lead. Within the limits of standardiza- 
tion error and minor variation to be expected 
in consecutive tracings there was no measurable 
difference between the V leads, recorded with 
an amplification one and one-half times that 
used for aV leads, and the aV leads in both 


L 


F 


Fic. 3. Cireuit diagram of the “unipolar”? extremity 
leads. See text for discussion. 


the voltage between C and O (Vo) isa me. sure 
of how closely C approximates a true field 
zero.”’ This voltage is measured with a volt. 
meter of resistance, 7.0, high compared w th r, 
It will be shown by the mathematical di riya- 
tion below that the sum of the three extr mity 
leads, each paired with the central terminal, 
must equal zero regardless of the vi ‘tage 
existing between the central terminal an.! the 
point O, the infinitely distant field poini. In 
fact, the sum of any three voltages taken from 
any three points on the body will be zero 
when paired with a central terminal derived 
from these same three points. 

Turning again to figure 3, with the aid of 
Kirchoff’s Second Law* we may write the 
following set of equations in which the symbol 
Vaz means the voltage measured between any 
two points A and B. Point A is arbitrarily 
taken to be always positive with respect to 
peint B. Thus Vaz = —Vasu. 


Vro + Voc + V 
Vio 7 Vor + V 
V 


Vro + Voc TT 


r = 90 
0 


CL 
Se 


Cc 


Fic. 4. Rearrangement of circuit diagram shown in figure ¢ 


magnitude and contour. Figure 2 shows a 


typical result of such a comparison. 


Cireurr ANALYSIS 
Proof that Vee + Vic + Vre = 0 


Referring to figure 3, let R, L and F represent 
points on the right arm, left arm and left leg 
respectively, while C represents the Wilson 
central terminal formed as illustrated using 
three equal resistors (r).* O represents a field 
point infinitely distant from R, LZ and F. Thus, 


*In this analysis it is assumed that r is large 
compared with skin resistances. For analysis of the 
effect of skin resistance when this is not the case, the 
reader is referred to reference 9. 


Adding these equations and rearranging terms 
we get 


= Vro + Vio + Vro — 3) 


It now remains to be proved that the right 
side of this equation is identically equal to 
zero. That is, 


Vro + Vio + Vro — 3Vco = 0 


Vro + Vio + Vero 
3 


Vco — 


*The sum of the voltage drops must eq! the 
sum of the voltage rises around any closed |) »p. 





P. H. LANGNER, JR., J. M. BENJAMIN, JR. AND S. R. MOORE 


Thi. can be more easily demonstrated from 
ficu > 4 which is the circuit of figure 3 re- 
arra ged. The voltages within the body that 
app ar at the three extremity points R, L 
and / are represented as batteries to make the 
com lete circuits more apparent, and the 
resi ors shown in figure 3. still occupy the 
sam ° electrical positions. 

S.lving this circuit by the use of mesh 
currents, J), 72, and J;, and letting ry = rz = 
r, = 1, We write: 

Vro — Vio = 2rl, — rly 
Vio — Vro = —rl; + 2rl. — riz 
Vero = —rlo + (r + Peo)ls 
From which 


Vro — Vio +. Vero 
r + 37reo 


I; 


3 Teo 
Veo = Tels = 


V V Vr 
i. (Vro + Vio + Vro) 


Since reo >> r, this reduces to 


Vro + Vio +Vro 
3 


Vco = 


Thus equation (2) becomes 


Vere 7 Vie + Vere = 0 


Let us next consider the augmented, leads. 
Let aVrc be the voltage between R and C in 
figure 3 when the resistor r between R and C 
is removed. Proceeding as we did in expressing 
equations (1) we write 


aVerc + Veo + Vor = 0 


aVre = Vro aa Veco 


Once again we solve the circuit of figure 4 
for \'-o, this time letting r,; become infinite 
and »» = 73. For this case 


Vio + Vro 


J Co = 9 


Vio + Vro 


Veo - = 


Simii arly 


Vro — J co 


or 


Vio + Vio + Vero 
3 


Vac = Vro —< 
Multiplying this equation by 3 we obtain 


3 3Vr0o — Vro — Vio — Vro 
5 Vrc = = 


on: c Vio + Vero 
a°ae™ Vro — om 


2 2 


(4) 


We see that the left hand sides of equations (3) 
and (4) are identical. Equating the right hand 
sides and multiplying by 2 we obtain the 
desired result. 


Vic = i0Vec 
Similarly it may be shown that 
Vice = iV ic 
and 
V vc = iaV ec 


Combining the results of the two sections of 
this analysis, it also follows immediately that 
aVec + AVic + aVec = 0 
SUMMARY AND CoNCLUSIONS 
There are two properties of the “unipolar” 
extremity leads: 
(1) The algebraic sum of the potential 


differences recorded by the three “unipolar” 
extremity leads must equal zero. 


Ve + Vi + Vr = 0 


(2) An augmented “unipolar” extremity 
lead must be 50 per cent larger than the 
respective unaugmented “unipolar” extremity 
lead. 

aVe = 1Vx 
aVy 2Vi 
aVp = 3Vp 


It is believed by some that the existence of 
these two properties is directly related to the 
Einthoven hypothesis. 

We have shown both by experimental 
demonstration and by circuit analysis that 
these two properties are inevitable conse- 
quences when any three points are connected 
to form a central terminal, and then leads are 
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taken~between this central terminal and the 
three points successively. Therefore, these two 
properties have no bearing upon the validity 
of the Einthoven hypothesis, nor upon the 
question of whether the Wilson central terminal 
is at field zero potential throughout the cardiac 
cycle. 


REFERENCES 

1 Witson, F. N., Jonnston, F. D., Macteop, 
A. G., anp Barker, P. S.: Electrocardiograms 
that represent the potential variations of a 
single electrode. Am. Heart J. 9: 447, 1934. 

* GoLpBERGER, E.: A simple, indifferent, electro- 
cardiographic electrode of zero potential and a 
technique of obtaining augmented, unipolar, 
extremity leads. Am. Heart J. 23: 483, 1942. 

3’ Witson, F. N., Jonnston, F. D., Rosenpaum, 
F. F., anp Barker, P. 8.: On Einthoven’s 
triangle, the theory of unipolar electrocardio- 
graphic leads and the interpretation of the 
precordial electrocardiogram. Am. Heart J. 32: 
277, 1946. 

*GotpBerGcerR, E.: The validity of the Einthoven 
triangle hypothesis. Am. Heart J. 29: 369, 
1945. 

°> LanGNER, P. H., Jr.: The theory and practice of 


vector analysis in electrocardiography. Fron 
the Proceedings of the Medical Section of the 
American Life Convention, White § ilphur 
Springs, W. Va., June 1950. 

6 BensaMIn, J. M., Scuwan, H., Kay, C.]°., ayp 
HaAFKENSCHIEL, J. H.: The electrical ¢ indye. 
tivity of living tissues as it pertains to : lectro. 
cardiography. Circulation 2: 321, 1950. 

7Kartz, L. N.: Clinical electrocardiograp) y—Its 
present position and possible potentialitics. Cir. 
culation 2: 94, 1950. 

8Srmonson, E., anp Keys, A.: A quant tative 
comparison of unipolar and augmente! uwni- 
polar limb leads. Circulation 1: 954, 1940. 

® Rappaport, M. B., anv WiLLiams, C.: An analysis 
of the relative accuracies of the Wilsen and 
Goldberger methods for registering unipolar 
and augmented unipolar electrocardiographic 
leads. Am. Heart J. 37: 892, 1949. 

10 Bryant, J. M., Jounston, F. D., ann Wiutsoy, 
F. N.: Unipolar electrocardiographic leads 
Effects produced by eliminating the resistors 
between the limb electrodes and the central 
terminal. Am. Heart J. 37: 321, 1949. 

11 Lananer, P. H., Jr.: The value of high fidelity 
electrocardiography using the cathode ray os- 
cillograph and an expanded time scale. Circula- 
tion 5: 249, 1952. 





‘rom 
the 
phur 


AND 
due. 
ctro- 


—Its 
Cir. 


ative 
uni- 


lysis 

and 
polar 
iphic 


LSON, 
eads 
istors 


ntral 


lelity 
V OS- 


‘cula- 


Studies Utilizing the Portable Electromagnetic 
Ballistocardiograph 


II. The Ballistocardiogram as a Means of Determining 
Nicotine Sensitivity 


By Harry ManpeELBauMm, M.D., anp Ropert A. MANDELBAvuM, M.D. 


Persons who have failed to habituate to the cardiovascular effects of nicotine will demonstrate 
changes in their ballistocardiogram after smoking. These ballistocardiographic changes produced 
by smoking are of more abnormal quality and are found more frequently in patients with coronary 
artery and hypertensive heart disease than in normal subjects. The ballistocardiograph provides 
an accurate objective means of determining whether nicotine has a deleterious effect upon the myo- 
cardial function of a patient. In a significant proportion of patients with heart disease who demon- 
strated an abnormal ballistocardiographic response to smoking, clinical improvement was obtained 


after a period of tobacco abstention. 


HE deleterious effects which tobacco 

may have on patients with heart disease 

have been given considerable study by 
various investigators. The peripheral vasospas- 
tic action of nicotine has been proved con- 
clusively by Roth.' Graybiel and his co-work- 
ers? and Roth! have shown the great frequency 
with which nicotine, either by inhalation or by 
intravenous administration, can cause electro- 
cardiographic changes consisting of tachycar- 
dia and decrease of T-wave amplitude. The 
T-wave changes are similar to those found 
after atropinization. It is likely that the ac- 
tion of nicotine on the vagus and sympathetic 
ganglions is the cause of the electrocardio- 
graphic, blood pressure and pulse rate changes. 
These observations have been recorded in nor- 
mal subjects after smoking as well as in pa- 
tients with heart disease. Cases in which the 
use of tobacco caused angina pectoris associated 
with electrocardiographic changes have been 
described*-> but are considered of infrequent 
occurrence. Ralli and Oppenheimer® consider 
th:t tobacco angina results from vasoconstric- 
tion of the coronary arteries. Graybiel and his 
co-workers? believe that it is due to a sudden 
increase in the work of the heart, as shown by 
th increase in heart rate and blood pressure. 





rom the Department of Medicine of The Jewish 
Ho pital of Brooklyn, and the Jewish.Sanitarium and 
Ho pital for Chronic Diseases, New York, N. Y. 


In other reports,** abstinence from smoking 
for extended periods of time has resulted in a 
decrease in the severity or frequency of the 
attacks of angina pectoris, as well as an oc- 
casional reversion to normal of the electro- 
cardiogram. While the fact that nicotine can 
affect the cardiovascular dynamics in certain 
susceptible persons has been well established, 
a great deal of doubt?:'° has been cast upon the 
importance of absolute abstention from smok- 
ing in the routine care of patients with heart 
disease. On the other hand, many clinicians 
agree with Moschcowitz’ that, because of the 
angiospastic! action of nicotine, along with 
the clinical experience that many patients with 
angina pectoris do well after the cessation of 
smoking, more attention should be paid to 
nicotine sensitivity in the study of patients 
with heart disease. 

A satisfactory test to determine which pa- 
tients are sensitive to tobacco is needed. That 
there is individual susceptibility’: * !° to nico- 
tine has been established. Blood pressure rises 
of 22 mm. Hg systolic and 20 mm. Hg diastolic 
as well as increases in heart rate of 50 beats 
per minute have been described following smok- 
ing.’ No significant difference in the degree or 
relative frequency of these blood pressure 
or heart rate changes has been found in per- 
sons with heart disease compared with normal 
subjects. Retinal spasm was noted in hyper- 
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tensive patients as an effect of nicotine.” Math- 
ers and his associates® believe that an increase 
in the heart rate of more than 25 beats per 
minute may be regarded as the most reliable 
index of hypersensitivity to the immediate 
effects of nicotine. 

It is an accepted fact that nicotine affects the 
cardiodynamics of particular individuals by 
causing tachyeardia, an increase in the blood 
pressure and occasionally changes in the elec- 
trocardiogram. A more impressive test, how- 
ever, would be one that demonstrates a direct 
effect upon the subject’s myocardial efficiency. 
In doing ballistocardiographic studies upon 
subjects with neurocirculatory asthenia, es- 
sential hypertension and coronary artery dis- 
ease, we have observed that a number of pa- 
tients showed definite changes in their bal- 
listocardiograms following smoking. These 
changes in the ballistocardiographic pattern 
demonstrated in almost every case that the 
ventricular ejection wave was of abnormal 
quality. Ballistocardiographic changes after 
smoking were found also in several persons who 
were apparently without heart disease. All 
of the ballistocardiograms were made with 
the direct electromagnetic ballistocardiograph 
previously described" upon subjects who had 
rested for 15 minutes, who had not eaten for 
three or more hours, and who had not smoked 
for 24 hours. After the completion of a ballisto- 
cardiogram taken under resting conditions, the 
subjects were asked to smoke their particular 
brand of cigarette or cigar. Many subjects did 
not care to finish more than half of the cigarette 
or an inch of the cigar. Positive tests were noted 
as frequently after abbreviated periods of 
smoking as when the entire cigarette or cigar 
was smoked. Positive tests were also occasion- 
allv found when the particular cigarette used 
was of the “denicotinized”’ variety. No note 
was made as to whether or not the subject 
inhaled. The postsmoking ballistocardiogram 
was taken two minutes after the completion of 
smoking and was followed immediately by a 
ballistocardiogram taken after the perfor- 
mance of a modified two-step exercise test." 

Levy and his co-workers'® used the Nicker- 
son ballistocardiograph to estimate changes in 
cardiac output in response to smoking. Their 


findings were a generalized fall in cardiac ov t- 
put in normal subjects, averaging 1.8 per c« 
of the presmoking output, and a rise in cardi 
output in persons with heart disease, averagi 
6.4 per cent. No follow-up studies were d 
in these patients with heart disease who wir 
sensitive to nicotine to determine whether | 
cessation of smoking would result in an 
provement of the presmoking resting ballis 
‘ardiogram or in any subjective relief 
angina. Furthermore, it is of interest to n 
that in their study no significant changes wre 
found in the electrocardiograms after smoking 
of the subjects who were sensitive to nicotine, 
as determined by the ballistocardiogram and 
the pulse rate changes. In a recent study, 
Caecese and Schrager" have described ab- 
normal changes in the ballistocardiographic 
records of persons with and without heart 
disease following cigarette smoking. The Dock" 
electromagnetic ballistocardiograph was _ the 
recording instrument in the latter report. 

In our studies on subjects suspected of 
sensitivity to tobacco, three characteristic 
patterns could be recognized in the ballisto- 
‘ardiograms as a positive reaction to smoking: 
(1) the hyperkemic* response; (2) abnormal 
rariation in the inspiratory-expiratory com- 
plexes; and (3) the diminished HIJ and 
prominent K pattern. 

A group of subjects, consisting primarily 
of normal subjects, of persons with complaints 
of palpitation, and of subjects previously 
diagnosed as having neurocirculatory asthenia, 
demonstrated the hyperkemic response in 
which the amplitude of the HIJK complexes 
became increased; an associated tachycardia 
was the rule (fig. 1). However, we did not 
consider these hyperkemic responses as e¢Vi- 
dence of a harmful nicotine effect unless some 
abnormal configuration was noted in the bal- 
listic pattern as well. The hyperkemic nico‘ ine 
response, however, contributed to or was the 
cause of symptoms such as palpitation, chest 
pain, dizziness or throbbing headache, in minty 
of these persons. 

The second type of abnormal smoking ‘st 


* Hyperisemia indicates increased velocity of e °¢- 
tion of blood from the ventricles, causing larver 
amplitude of the ballistic record. 
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\.s the development of increased respiratory 
vy: riation in the ballistocardiogram, with com- 
plexes of poor amplitude in the expiratory 
pase (figs. 4, 6). Occasionally, all the com- 
pexes in the ballistocardiogram became bi- 
z.rre and of low amplitude, resulting in a 
Brown classification'® of grade 3 or 4. These 
fi dings were more common in subjects with 
a! gina pectoris. No such findings were recorded 
i normal controls. 

Particularly in hypertensive subjects, the 
al normal configuration in response to smoking 
was the appearance of the diminished HIJ 
deep K pattern®: " (figs. 3, 6). In many, this 
change occurred only in the expiratory phases 
of the ballistocardiogram. 

Changes in the ballistocardiogram following 
exercise, similar to these specific nicotine effects 
of increased respiratory variation with com- 
plexes of poor amplitude in the expiratory 
phase and/or the appearance of the low HIJ 
deep K pattern, have been previously de- 
scribed: 18.18 jn subjects with hypertension 
and coronary artery disease whose basal 
tracings had been normal or only slightly 
abnormal. In subjects suspected of sensitivity 
to smoking, where the immediate postsmoking 
ballistocardiogram showed no variation from 
the basal ballistocardiogram, exercising im- 
mediately after smoking demonstrated an 
abnormality where a previous exercise test 
was not abnormal. These instances, however, 
were not common. 

lt is not our purpose, in this report, to 
determine the statistical frequency of nicotine 
sensitivity in any particular group of subjects, 
but rather to emphasize that the ballisto- 
cardiograph appears to be of great clinical 
importance in the recognition of those persons 
who have never adapted themselves to the 
toxic action of nicotine. The more serious types 
of vallistocardiographic abnormalities resulting 
fron smoking occurred most frequently in 
sul.jects who had coronary artery disease. 
There is no question, however, that people 
wh) have no heart disease may exhibit ab- 


no nal ballistocardiograms in response to 
sm king" (fig. 1). In a series of 50 subjects, 
fron 16 to 60 years of age, who by all standards 
we e believed to be without heart disease, 28 


per cent demonstrated an abnormality in their 
ballistocardiogram following smoking. All of 
these positive ballistocardiographic smoking 
tests were obtained from persons less than 40 
years of age. No sex difference in smoking 
response was noted. In persons with coronary 
artery or hypertensive heart disease, most of 
whom demonstrated an abnormal presmoking 
ballistocardiogram, we have found the inci- 
dence of positive smoking tests to be more 
than twice that obtained in persons without 
heart disease. 

Since the ballistocardiogram represents pri- 
marily the initial cardiac output velocity of 
blood ejected from the ventricles, which de- 
pends entirely upon myocardial vigor, the 
development of ballistocardiographic abnor- 
malities following smoking in the cardiac pa- 
tient is of clinical importance. The physician 
responsible for the guidance of a patient with 
coronary artery disease or hypertension, upon 
recognizing a change suggestive of impaired 
myocardial efficiency in the ballistocardiogram 
following the smoking test, should be in- 
sistent that this patient stop smoking. 

As a concomitant finding with the ballisto- 
cardiographic changes, we have also observed 
the rises in blood pressure and the tachycardia 
noted by other observers in response to smok- 
ing. However, we have found positive ballisto- 
cardiographic smoking tests in the absence of 
a rise in the heart rate or blood pressure (fig. 
5; upper two traces). Not infrequently, nico- 
tine tachycardia was associated with a bal- 
listocardiogram which did not demonstrate 
any abnormality in configuration and which 
was considered normal. Many of the patients 
with positive smoking test ballistocardiograms 
had electrocardiographic studies done following 
smoking. Only two of 35 patients with angina 
pectoris so tested demonstrated significant 
electrocardiographic changes after smoking. 
Several patients, following a short period of 
smoking, complained of nausea and dizziness. 
The fact that all tests were done on fasting 
subjects may account for the frequency of 
these symptoms. In all subjects with these 
complaints, ballistocardiographic abnormalities 
were found. In 10 subjects, who were observed 
for several hours, ballistocardiographic ab- 
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normalities could be recognized in tracings 
taken from five minutes to as long as 45 min- 


Fic. 1. Discussed in case reports. 


Fic. 2. Discussed in case reports. 


utes after smoking had been completed. The 
average time required for the postsmoking 
ballistocardiogram to return to the resting 
state was 10 minutes. 


The fact that tobacco can cause ad led 
distress in subjects with coronary artery- y- 
pertensive heart disease, in whom the balli +to- 
cardiogram shows an increase in abnorma ity 
with smoking, was confirmed clinically by the 
subjective improvement in 30 out of 35 pa- 
tients with the anginal syndrome after abs: en- 
tion from nicotine. Eight of these 35 pati: nts 
showed improvement in either their restin: 
their postexercise ballistocardiogram after 
staining from nicotine for two months. F; 
young subjects with hypertension (fig. 5) and 


Fig. 3. Discussed in case reports. 


early, deep K-stroke patterns in the resting 
ballistocardiogram, who had positive smoking 
tests, responded to a period of nicotine ab- 
stention by the improvement to normal of the 
basal ballistocardiogram and appreciable de- 
crease in their blood pressure. 

White”® believes that there is a condition 
justifiably called “tobacco heart” but that it is 
primarily a functional derangement and not 
an organic heart disease. We have obser ed 
two nondiabetic normotensive women in he 
fifth decade of life (fig. 2) who had compla: its 
characteristic of coronary artery disease. B th 
had normal electrocardiograms and abnor: »al 
resting ballistocardiograms; after the smok' 1g 
test, the ballistocardiograms showed a p'>- 
gression in the degree of abnormality. The ¢ 
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won en became asymptcmatic and were found 
ty Lave almust normal ballistocardiograms at 
rest and after exercise after two months of 
absi ntion from nicotine. Whether the con- 
tins :d use of tobacco by these two patients 
whc had failed to habituate to nicotine would 
hav played a role in the development of 
org: nic heart disease is a matter of conjecture. 


ILLUSTRATIVE CAsE REPORTS 
Cuse 1 (fig. 1)*; Hyperkemic Response. A. W., 
male. 32 years of age, weighing 155 pounds. This 
pationt, a heavy smoker, suffered from attacks of 


so veel SEBS teecs ewes. SS Sas a SS eS a ati. 


Fic. 4. Discussed in case reports. 


dizziness accompanied by tinnitus and nausea. Oc- 
casional attacks of palpitation often accompanied 
or preceded the dizziness. His blood pressure was 
140,80. Physical examination, roentgenogram of 
the chest, electrocardiogram and basal metabolism 
studies were normal. 1. The basal ballistocardiogram 
was normal. 2. After smoking half a cigarette. 
tachycardia occurred; the blood pressure rose to 
150.90 and a ballistocardiogram with abnormal 
resp ratory variation was obtained. The patient 
felt -ompletely well during the entire test period 
The increased amplitude of the K and L waves puts 
this nicotine response in the hyperkemic category. 





* The upper channel in each figure represents the 


ball stocardiogram; the lower channel, the con- 
com tant tracing taken from the left radial pulse. 
The J wave is recorded at the apex of the radial pulse. 


Note the diminished IJ amplitude in the fourth and 
seventh complexes. This patient has been without 
ccmplaints since giving up the use of tobacco. 


Case 2 (fig. 2); Ilyperkemic Response and Tobacco: 
“Heart Discase.” 8. S., female, 46 years of age, 
weighing 114 pcunds. This patient was a heavy 
smcker and ccmplained cf headaches. palpitation 
and angina cn effcrt. The attacks of angina had 
been increasing in frequency and degree, forcing 
her to give up her work. Her blocd pressure showed 
lability, varying from 140/85 to 185/98. Physical 


Fic. 5. Discussed in case reports. 


examination, roentgenogram of the chest, electro- 
cardiogram and basal metabolism were normal. 

On March 25, 1951, 1, the basal ballisto- 
cardiogram shows grade 2 respiratory variation 
with low HIJ waves in the expiratory phase. 2. 
After smoking, note the tachycardia and the large 
amplitude of the complexes which characterize the 
hyperkemic response; the slurred and short HIJ 
strokes are evident in the expiratory phase. 

The patient has not smoked since March 25, 
1951, and has been free of complaints since May 
15, 1951. On May 29, 1951, 3, the basal ballisto- 
cardiogram shows marked improvement; notched 
J waves are present in the expiratory phases. 4. 
After performance of the exercise test, short HIJ 
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Waves can be noted in the second and fifth eom- 
plexes. 


Case 3 (fig. 3); Essential Hypertension; Char- 
acteristic Low HIJ Deep K Response. 8. G., male, 
52 vears of age, weighing 186 pounds. This patient 
has been a heavy smoker for many years and com- 
plained of recurring headaches. His blood pressure 
over a period of years showed marked lability, 
170, 90 to 210/105. Physical examination and roent- 
genogram of the chest were normal. The electro- 
cardiogram showed left ventricular hypertrophy. 
1. The basal ballistocardiogram shows normal respira- 
tory variation with tall L waves. 2. After smoking 
half a cigarette; note the short HIJ strokes especially 
in the expiratory phases, which gives prominence 


Discussed in case reports. 


to the K wave. 3. The next morning; no smoking for 
24 hours. A ballistocardiogram taken after per- 
formance of a two-step exercise test. (The basal 
ballistocardiogram preceding the two-step exercise 
was the same as the original.) The HIJ deflections 
are decreased in amplitude but not to the extent 
produced by nicotine. This patient improved clini- 
cally after cessation of smoking; his blood pressure 
has not risen above 165/90. 


‘Case 4 (fig. 4); Angina Pectoris; Increase in 
Insptratory-Expiratory Variation. L. H., male, 41 
vears of age, weighing 181 pounds. Since his dis- 
charge from the Army, he has been aware of angina 
on effort. Of late, the attacks required nitroglye- 
erin for relief. He had reduced his smoking and 
used denicotinized cigarettes. Many examinations 


and repeated electrocardiograms were normal His 
blood pressure was 128/84. Physical examin: tion, 
roentgenogram of the chest, electrocardiogran’ and 
basal metabolic rate were normal. 1. Basal | jllis. 
tocardiogram normal. 2. After smoking (a dé iico- 
tinized cigarette was used in this instance) the 
inspiratory-expiratory variations permit clas: fica- 
tion of grade 2 after Brown. 3. After absta ning 
from smoking for 24 hours, the exercise test sh. wed 
the inspiratory-expiratory variation to be gre le | 
according to Brown. This patient has had dimin shed 
frequency of angina since losing weight and ¢ ving 
up smoking. 


Case 5 (fig. 5); Angina Pectoris; Essential Hy- 
pertension; Improvement after Abstinence. I. L., 
female, 41 vears of age, weighing 188 pounds. Her 
complaints were of angina of effort, which ii the 
last few months had become of more frequent 
occurrence and of greater severity. Hyperteision 
was of at least five years’ duration. 

On January 4, 1951, the blood pressure was 
190/105. Physical examination, roentgenograin of 
the chest and basal metabolism were normal. The 
electrocardiogram showed left axis deviation. 1. 
Basal ballistocardiogram was classified grade 1 after 
Brown. The fourth complex shows a notched J 
wave; the short HIJ deep K pattern is in evidence. 
2. After smoking, the ballistocardiogram may be 
classified as grade 3; note absence of tachycardia. 

The patient gave up smoking January 4, 1951, 
and after a few months improvement was striking; 
the attacks of angina occurring only after extended 
effort. On July 28, 1951, the blood pressure was 
145/90. The electrocardiogram showed no change. 
3. The. basal ballistocardiogram is now normal. 
;. After the exercise test, the ballistocardiogram 
is classified grade 1. 


Case 6 (fig. 6); Myocardial Infarction; Smoking 
Sensitivity. B. KK., male, 30 vears of age, weighing 
155 pounds. He had been complaining of angina 
pectoris since October, 1950. He was a heavy smoker. 
In May, 1951, the attacks of angina became more 
frequent and on June 30, 1951, he suffered an 
anterior myocardial infaretion. After four weeks in 
bed, he has gradually increased his activities 

August 2, 1951. The blood pressure was 125 82. 
Physical examination and roentgenogram were 
normal; electrocardiogram shows evidence of a 
healed anterior myocardial infarction. 7. Basal bal- 
listocardiogram shows excellent myocardial reco. ery. 
2. After smoking a cigarette, tachyeardia, deer: ises 
in the amplitude of all complexes, grade 1 re: pir- 
atory variation and low HIJ waves are in evide ice 
3. Exercise test (eight trips) after the effects o! the 
nicotine were permitted to wear off (30 min ‘tes 
later); the ballistocardiogram is grade 1. This pat ent 
has been forbidden to smoke. 
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SUMMARY 


|, detecting those subjects who have never 
ad: sted themselves to the toxie action of 
nic tine, the ballistocardiograph has proved 

ve a valuable instrument. The character- 
ballistocardiographic patterns that are 
obi ined after smoking have been described. 
Th se patterns have been found in some 
sm kers who were apparently without heart 
dis-ase, as well as in cardiae subjects. How- 
eve’, the more marked ballistocardiographic 
abi ormalities were recorded in patients with 
hypertension, coronary artery disease and 
neurocirculatory asthenia. 

The clinical importance of determining 
nicotine sensitivity has been proved by the 
high incidence of subjective improvement in 
our patients with coronary artery and hyper- 
tensive heart disease, with positive smoking 
tests, after a period of tobacco abstention. 
Not infrequently, progressive improvement in 
the ballistocardiograms of those nicotine sen- 
sitive patients kept pace with their sympto- 
matic relief. 

It is our opinion that no patient with cardiac 


complaints, who shows a_ positive ballisto- 
cardiographie smoking test, should be per- 
mitted the use of tobacco. 
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The Low Frequency Velocity Measurement 
Ballistocardiograph 


By J. E. Smita, M.D. Aanp SAMUEL Bryan, M.A. 


The velocity measurement ballistocardiograph is described which has filter circuits to eliminat 
body tremor components. Small adjustable condensers are utilized on the input and output of th: 
filter section to vary the frequency response of the circuit and thus create a sharper cut-off fo 
occasional cases with high amplitude body tremor. The input and output condenser values are no 
above 5 mfd. in either section. By utilizing this type of circuitry, the lack of wave distortion make 
it feasible to measure the ratios of wave amplitudes. The timing device makes it practical to tim: 
wave segments from the peak of the R wave, and a single channel recorder can be utilized. Norma 
standards are described and deviations from normal in coronary artery disease are discussed. Th 
low frequency, velocity measurement ballistocardiograph is easily adaptable for routine office use 


OR MANY years the ballistocardiograph 

has interested physiologists and research 

clinicians. The physiologic evaluation of 
the heart by recording mechanical heart ac- 
tions which are imparted. to the body is an 
approach made available through the use of 
the ballistocardiograph. This instrument thus 
affords a physiologic approach to many types 
of heart disease and seems to have a great 
prognostic value.! 

In the past, different types of ballisto- 
cardiographs have been used. Starr? has been 
using a high frequency table and recording 
motions imparted to the table as a means of 
measuring forces of ballistic impact. Nicker- 
son* has built a special table which can be 
critically damped and which has a low fre- 
quency of oscillation (1.5 cycles per second). 
Brown‘ has designed a table model with a 
high frequency oscillation similar to Starr’s 
table, but with special electronic recording 
devices for simultaneous electrocardiograph 
and ballistocardiograph records on separate 
channels. Dock® has published technics of 
recording ballistocardiograph waves that utilize 
direct body pickups without the use of spe- 
cial ballistic tables. He first utilized the princi- 
ple of the glycerine capsule placed against 
the head, later changing to the photoelectric 


From the Medical Division, Office of Aviation 
Safety, Civil Aeronautics Administration, and ‘the 
Electronics Division, National Production Author- 
ity, Washington, D. C. 


cell in which the ballistic impact altered the 
amount of light source to the cell, and still 
later to a coil and magnet device which was! 
placed directly on the body just below the 
knees. The coil was allowed to move with the| 
body, and the magnet was held in such a way 
that it could not move; thus a difference of 
electric potential was created which could be} 
measured on a string galvanometer. 

Most of the electrical devices applied directly 
to the body have been displacement measuring 
devices. The most common and generally used 
is the photoelectric cell which is now available | 
commercially. Strain gages have been ad- | 
vocated, and these are also displacement 
measuring devices. The coil and magnet | 
principle, however, is a velocity measuring 
device, and the wave amplitude is based on the § 
rate of displacement. 

The measurement of the velocity of body 
motion shows only slight effect from respira- | 
tion since the velocity of diaphragmatic | 
motion is so slight (although actual displace- 
ment of the body is high enough to interfere 
with displacement recordings). The amplitude 
of the velocity ballistic wave is lower in expira- 
tion normally and correlates with Starling’s 
law as venous filling of the heart during ex- 
piration is decreased. In patients wit!) al- 
rhythmias, the velocity waves following a | 
long compensatory pause are always of givater | 
amplitude, apparently due to the increa:e in | 
diastolic filling. This again shows correl :tion 
with Starling’s law. 


Circulation, Volume V, Jue 195? 
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INSTRUMENTATION 


‘yhe magnet and coil device is an electrical 
sig: al generator in which the signal generated 
is} soportional to the relative velocity between 
then. It is inherently capable of wide range 
freuency response since it is not used as a 
seis nic or ballistic device. 

‘he magnet is suspended by means of a 
con:pliant pivot (razor blades) from the stand 
which houses the coil. (See fig. 1.) Comparative 
records were taken to determine the effect of 
this type of support for the magnet upon the 
ballistocardiograph tracing compared with the 


Fic. 1. The low frequency, velocity measurement 
ballistocardiograph is shown with the vertical steel 
rod that holds the magnet. 


tracings obtained when the magnet was in- 
dependently supported. Since no_ noticeable 
differences were obtained, the effect of the 
compliant mounting was therefore considered 
to be insignificant. 

A series of tests was then undertaken to 
valilate the velocity characteristic of the 
ball stocardiograph. It should be noted that 
the nature of the ballistocardiograph is af- 
fected by the associated equipment and the 
recording apparatus as well as by external 
vib::tions originating in the building or person- 
nel n the vicinity. 

I: was decided to determine the response of 
the system (coil-network filters-recorder) by 
inje ting test signals from a suitable low 
fre; iency oscillator (Krohn-Hite or Hewlett- 


Packard) by means of a low impedance input 
in series with the pick-up coil. The output of 
the ballistocardiograph was then recorded on a 
Sanborn Viso-cardiette. By using selected 
frequency intervals and adjusting the input 
signal to a constant amplitude the response 
of the system was then traced on the recorder. 

It should be noted that no attempt has been 
made as yet to determine the absolute velocity 
of the human body in this study. It is felt that 
this information is of academic interest only, 
since any device used would require extensive 
and laborious calibration procedures, and in 
the case of electronic devices be subject to 
line voltage variations, magnet strength, and 
other factors. As a matter of research interest, 
information on absolute velocities and dis- 
placements of the body due to the heart pulse 
should be undertaken. 


TO 
RECORDER 


IMEC. = 


Fia. 2. Circuit diagram of the low frequency, veloc- 
ity measurement ballistocardiograph. 


The intrinsic value of the ballistocardiograph 
lies in the pattern of the tracing. Absolute 
amplitudes of velocities would be difficult to 
correlate, so we have used wave ratios and 
timing of waves as means of extracting signifi- 
cant data from the tracings. Thus, tracings of 
variable amplitudes for whatever reason may 
be directly compared. 

Filters whose effect may be varied were 
built into this ballistocardiograph to eliminate 
the higher frequency signals not believed to 
be originating in the heart pulse. These high 
frequency components may be due to various 
factors such as 60 cycle hum picked up from 
the power mains, body tremors, ambient build- 
ing vibrations, and other extraneous sources 
(See circuit diagram, fig. 2.). 

Previous experience has indicated that the 
region of 2 to 8 cycles per second would cover 
most of the fundamental frequencies of body 
motion, and therefore the filtering was de- 
signed to have minimal effect in this region 
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while strongly attenuating frequencies above 
this range. 

It can be seen from the calibration curves 
(fig. 3) on this model ballistocardiograph that 
the frequency response holds up quite well to 
about 8 cycles per second with the 2 micro- 
farad (mfd.) output condenser and gives a 
reasonably flat response to about 6 cycles per 
second with the rapid roll-off filter (3 mfd. 
output; 5 mfd. input).* 

When the frequency response of a system 
shows a decreasing response at the rate of 6 
decibels (one-half) per octave of frequency 
increase, then a velocity pickup will yield a 


ESSiL its 


Hl EE 


LeiLtiit 


Fic. 3. Frequeney response curves. A: Coil and 


magnet, no filter. Tne coil has constant signal output 
to 299 eyeles. B: Choke filter; no condensers in the 
circuit. C: 2 mfd. output condenser only. D: 3 mfd. 
output condenser and 5 mfd. input condenser. H: 
Shows frequency response with 10 mfd. output and 
10 mfd. input condensers. 


displacement signal. Investigators using veloc- 
ity pickups are cautioned to determine the 
frequency response of their recording system 
to ascertain the nature of the tracing (velocity, 
displacement or partially integrated). A veloc- 
ity recording has different characteristics from 
a displacement recording, and therefore trac- 
ings should be validated as either velocity or 
displacement recordings for comparison pur- 
poses. Intermediate tracings should be com- 
pared by means of frequency response char- 
acteristics rather than using signal lags and 

* Circuit analyses and frequency response studies 
were done by Mr. Irving Levine, electronic scientist, 
Sound Section, U. S. Bureau of Standards. 


timing as a basis of estimating the amout of 
integration. 

A velocity recording of a given harn onic 
motion differs from a displacement reco: ding 
basically in that the peak of the velocity ‘aye 
precedes the peak of the displacement -:aye 
by 90 degrees. Further, where the motivn is 
complex, the higher frequencies receive gr: ater 
relative amplification when studied as v: loci- 
ties and thereby reveal events which n.ight 
be obscured in displacement recordings. | jow- 
ever, the problem of suppression of high 
frequency ambients becomes more demat ling 
in velocity recording; hence, the need for ade- 
quate filters. (Compare A and D in figure 5.) 

Timing of the peaks of ballistic waves is 
affected by the following: (a) the nature of 
the recording—velocity, displacement or inter- 
mediate; (b) time delay in the filter or asso- 
ciated equipment; (c) time lag of the timing 
reference signal in relation to ballistic waves, 
for example, carotid pulse. 

For comparison purposes, it must be noted 
that any filter, attenuating within the fre- 
quency range of body tremor, will probably 
cause some signal delay. Thus the filter demon- 
strated in figure 3 using no condenser (fre- 
quency response curve B) has a signal lag of 
01 to IX wave peak when compared with a coil 
and magnet with no filter. The frequency re- 
sponse curve shown in figure 3, using a 2 mfd. 
output condenser (curve C), has a signal lag 
of .02 second to K peak. The rapid roll-off 
filter using 3 mfd. output, 5 mfd. input con- 
densers (frequency response curve D) has an 
average time lag of .03 to H and I peaks and 
.04 to J and K peaks. The timing relationship 
of velocity and displacement is shown in 
figure 4. 

It should be noted that the basic curve 
outline is not changed by filters when com- 
pared with the curve obtained with the coil 
and magnet. In our experience the timiig ol 
our 2 mfd. filter is very close to the Starr ‘ype 
of high frequency ballistic table. Also, the 
rapid roll-off filter (3 and 5 mfd.) has ti: xing 
nearly identical with the displacement  )al- 
listocardiograph without the filter (fig. 4D . In 
spite of the timing similarity obtained | ‘om 
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dis} ‘acement records and from the velocity 
ree ding made in conjunction with the 3 and 
jn d. filter combination, the two do not yield 
rec rdings of the same character. The 3 and 5 
mfc. filter used with a velocity pickup gives a 
vel city recording which is attenuated starting 
at frequency of about 5 cycles per second. 


DISPLACEMENT 


Sawer - Facren Gor 


Sargon | Fiver Cyr): ptt nnd 
|) Sabeatne ~ Filten ovr! 


It should be noted that in many normal 
individuals it is possible to obtain an excellent 
velocity ballistocardiograph with only a coil 
and magnet in the absence of external ambient 
vibration interference. This can be seen readily 
in figure +4. However, in most cases of coro- 
nary heart disease it is nearly impossible to 


Fic. 4. Simultaneous tracings of velocity and displacement to show timing relationship and 
phase shift. These are taken on a Sanborn Poly Viso at a paper speed of 25 mm. per second. The ca- 
rotid pulse has a .02 second lag from tubing. The velocity curves of A, B, C, and D are made with 
frequency response curves of A, B, C, and D of figure 3. 


The fundamental frequencies of body motion if 
of : frequency lower than 5 eycles will be 
vel “ity tracings, and above 5 cycles will be 
par ‘ally integrated into intermediate velocity- 
dis} ‘'acement 
viel! useful clinical information in that the 
vel ‘ity characteristic of the body motion is 
sub tantially retained while strongly filtering 
bod. tremors and other extraneous. signals. 


recordings. This technic does 


obtain useful velocity ballistocardiograms from 
a coil and magnet only, as signal (or velocity) 
is of lower amplitude, and the signal-noise 
ratio becomes larger (ratio of body tremors to 
signal). Also, the higher the frequency ampli- 
tude response of the recorder, the more sus- 
ceptible the recording becomes to ambient 
vibrations. This effect is more noticeable in 
recordings of patients with coronary disease. 
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AMBIENT VIBRATION INTERFERENCE 


In the use of velocity measurement pickups, 
a phenomenon which we have labeled ambient 
vibration interference must be understood 
before clinical measurements can be utilized. 
We have utilized the term ambient vibration 
interference because of the similar problem 
in sound engineering utilizing similar electrical 
apparatus. The sound engineers call this am- 
bient noise interference and except for differ- 
ences in the frequency range, the problem is 
similar. 

The literature that has been published to 
date shows convincing evidence that this 
phenomenon is not understood by clinicians 
and explains to a great extent why some in- 
vestigators have been unhappy about the vari- 
ous electromagnet devices used for velocity 
measurement. 


Ambient vibration interference usually has 
its origin in two sources. (1) The most impor- 
tant source is the table on which the patient 
and instruments rest. It is difficult to use any 
wooden table that is not fixed to the walls and 
the floor for measurements of body velocity. 


Since either the magnet or coil is fixed to the 
table, any table movement distorts the body 
velocity waves. The actual motion of the table 
is slight, but due to the high velocity of dis- 
placement and the sensitivity of the pickup, 
the amplitude of ambient interference may be 
appreciable. In ballistic curves of young 
normal individuals the main distortion occurs 
in the H wave and variations in the HI seg- 
ment in relation to the IJ segment. This will 
also produce great variations in the amplitude 
of the L wave. In the main, however, ambient 
vibration interference is not easily recognized 
because of the wide amplitude of the IJK 
complexes. In the older ages where velocity is 
lower in normal people, the ambient vibration 
interference is more serious and may completely 
distort the record. (2) The other source of 
ambient vibration interference is in the build- 
ing structure in which the table is resting. In 
general, if the building is of reinforced concrete 
construction, there will be little interference. 
However, in many older buildings, especially 
with wooden beam supports and wooden 


floors, people walking in adjacent rooms aad 
corridors will produce changes in veloc'ty 
waves; and we have seen distortion produ ad 
by people standing next to the recording ta ile 
that seems to be from transmitted verti:a] 
forces from heart beats into the floor. 

Once an investigator is conscious of the ef! 
of ambient vibration interference, the prob): 
is simple to test for. (1) To test for build 
interference, place the instrument, parti: 
supported on a pillow, on the ballistic ta! j 
and support the magnet in the usual mani 
Start up the recording machine and w 
around the room and the table. Any deflect 
of the baseline is due to vibration from 
building transmitted into the table. Uni 
ideal conditions there should be no deflect 
of the recorder even if people jump up a: 
down in the room. (2) To test for ambient 
vibration interference from the table, place 
the patient on the table and fix the instrument 
so that the magnet is deflected by the table 
instead of the patient. If there is any motion in 
the table or a deflection of the baseline under 
these circumstances, then ambient vibration 
interference is coming from the table and may 
produce some distortion on the velocity record. 
In general, ballistic velocity curves taken with 
the patient on the floor of a reinforced con- 
crete building will show no evidence of such 
interference. 

In figure 5, tracings are shown to illustrate 
the amplitudes of ambient vibration inter- 
ference as related to frequency response. These 
tracings are made on the same person while 
resting on an ordinary commercial wooden 
treatment table. The building structure is 
wood frame and of temporary construction. 
During the time that these tracings were 
recorded, a water cooling system was runnin” 
in the next room. A was recorded with a coil 
and magnet pickup with no filter. The ambient 
interference is of such amplitude that the 
primary velocity record is impossible to inier- 
pret. B, C, and D are recorded on freque::cy 
response curves B, C, and D of figure 3. ‘he 
interference vibrations in D look similar to 
some illustrations that have recently b en 


published. 
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TiminG oF BALuListic WAVES 


ith the velocity measurement type of 
bal stocardiograph, the phonocardiographic 
pic up recorded simultaneously with the bal- 
list cardiograph is generally adequate as a 
bas s of timing. This is especially true in tim- 
ing ‘he diastolic phases of the cardiac cycle as 
the -econd heart sound is based on mechanical 
cha: ges and is much better for diastolic timing 
tha. the electrocardiograph. However, in many 
eas’: of valvular disease the heart sounds are 
inadequate for timing purposes. 

The QRS wave of the electrocardiograph 
fortunately falls in a period of low electrical 
potentials when the ballistic waves are re- 
corded and precedes the nadir of the I wave by 
an average of .12 to .16 second and precedes 
the H wave deflection by .05 to .09 second. 
The QRS then could be recorded theoretically 
on the same string at this point. 

It seems that the ideal method is one that 
would enable us to increase the QRS potentials 
of the electrocardiograph and decrease the 
ballistocardiograph potentials at the same 
time. In difficult cases the pure ballistic waves 
could be decreased in amplitude while the 
QRS was increased in amplitude. By a method 
of this type we could use lead II of the electro- 
cardiograph and dampen the amplitude of 
ballistic waves as necessary for timing pur- 
poses. Using any standard lead as a method 
of timing has a distinct advantage over chest 
leads. The heart sound recorder is placed over 
the apex, and it is difficult to use chest elec- 
trodes at the same time in the same area. In 
this way an accurate method of timing could 
be devised to fit all cases and still use only a 
single channel electrocardiograph machine. 

This problem was solved in the following 
manner. A 1 megohm potentiometer was 
inserted in the ground lead of the ballisto- 
cardiograph (negative lead). (See fig. 2.) It was 
found that 1 megohm was sufficiently high to 
remove the ballistic signal from the electro- 
cardiograph circuit and record the electro- 
cardiograph only. By decreasing the resistance, 
itis possible gradually to increase the amplitude 
in the ballistocardiograph and decrease the 
amolitude of the electrocardiograph. As the 


resistance is decreased, the QRS is decreased 
and correspondingly the ballistic impact waves 
are increased in amplitude. This enables us to 
vary the amplitude of the QRS and ballistic 


interference when related to frequency response. 
A, B, C and D represent tracings taken with fre- 
quency response A, B, C and D of figure 3. 


waves as desired, and this timing method can 
be adapted to any ballistic wave regardless of 
amplitude or contour. Figure 6 shows the bal- 
listocardiograph and electrocardiogravh re- 
corded simultaneously. 
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THe NorMAt Vetociry BALLIsTo- 
CARDIOGRAPH WAVE 
As in Starr’s original designation of the 
ballistic waves, the first deviation from the 
baseline is designated as the H wave, which is 
considered to be partly due to auricular systole 
and partly to the apex thrust of the heart. 
De Lalla® has described a footward deflection 
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Fic. 6. Simultaneous record of the electrocardio- 
graph and ballistocardiograph with changes in re- 
sistance from adjustment of the potentiometer. 


that precedes the H wave and has labeled this 
the G valley. This has been seen frequently in 
patients with slow pulse rates. The G valley 
may be due to the deceleration in the ventricles 
of a footward traveling auricular impulse. 
The I wave is supposed to be caused by the 
footward recoil of the body due to ejection of 
blood from the ventricles. The J wave has 
been ascribed to the impact of blood flow on 
the aortic arch and pulmonary bifurcation. 


The IX wave represents deceleration of blood 
in the aorta and smaller vessels. 

The causes of the diastolic waves L, M, 
O, are more conjectural. Nickerson’ beli« 
the L wave to be due to a reflected wav 
blood traveling up and then down the | 
column of the descending aorta. This may « 
respond to the reflection of blood from 
closing of the pulmonary and aortic val 

In the velocity measurement type of | 
listocardiograph the ballistic afterwaves 
normal people are nearly sinusoidal in c} 
acter and may represent the natural decay | 
vibrating body mass on its elastic tissue sip- 
ports with each heart beat. This is probaly 
true in normal people only to the extent of an 
“in phase” relationship to oscillating blood and 
body vibration. Actually, the ballistic afier- 
waves are related to real circulatory events and 
not to simple decay waves. In some of our 
eases of aortic insufficiency the L waves are of 
much greater amplitude than the J wave. In 
coarctation the L wave is much smaller than 
the N wave. Thus, the deep K in aortic in- 
sufficiency and the short K in coarctation are 
definitely related to changes in the afterwave 
pattern. Furthermore, in many cases of coro- 
nary disease the most prominent wave is an L 
wave. 

In the development of normal standards of 
the velocity waves, 100 normal people between 
20 and 30 years of age were examined; 75 were 
males, 25 were females. In this group, all had 
normal double two-step exercise tests as well 
as blood pressure readings below 150/90, and 
no clinical evidence of cardiac or pulmonary 
pathology. 

The peak of the R wave was used as a time 
base. The time of occurrence of the H wave, I 
wave, J wave, and K wave was measured. 
These measurements are referred to as the 
R-H, R-I, R-J, and R—-K intervals. 

Also, the relative amplitudes of the »eg- 
ments H to I, I to J, and J to K, were measu'ed. 
To do this the HI is expressed as percent ige 


amplitude of the LJ, and the JIX is expresse: as 


a percentage amplitude of the IJ segment. ‘I ‘1is 
type of measurement stresses wave form rat ‘ct 
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th: n absolute amplitude and follows the out- 
lin’ used by Jones and Goulder.® 
‘he use of wave ratio measurements is 
ically feasible and shows excellent per- 
age correlation among most normal adults. 
- use of absolute units for velocity measure- 
it will undoubtedly be of clinical importance 
n instrumentation can be standardized 
clinical technics thoroughly understood. 
present, due to the diverse types of equip- 
it and technics, absolute values of velocity 
measurement are purely theoretic. The clini- 
cian, however, will be able to compare ampli- 
tudes of velocity measuring devices from 
normal to abnormal; and thus by comparison 
he will be able to interpret low and high veloc- 
ity of body motion. In studies done on the 
same patients at daily intervals, there is only 
slight variation in amplitudes made under 
the same environmental conditions. The mag- 
net has a placement marker and, since the 
space relationship of the coil end magnet is 
fixed, relative amplitudes on the same person 
are quite similar. Even if wide variation in 
magnet’ placement should take place, with 
variation in amplitudes, the measurement of 
wave ratios rarely exceeds one standard devia- 
tion in repetitive studies. The timing has been 
constant for the same individual. 


STANDARDS FOR VELOCITY 
BALLISTOCARDIOGRAMS 


Normal Subjects. These standards are based 
on the findings in 100 normal people between 
the ages of 20 and 30 years. There were 75 
males and 25 females. 


(1) Timing: 


Males (75) Females (25) 


Standard 
Deviation 


Standard 


aes Mear 
Deviation <en 


Mean 

30 02 | .27 .02 

‘ .O1 19 .O1 

14 .O1 13 .O1 
.O1 .07 .O1 


(2) Wave Ratio Measurements: 


| 
ad 


| Std. Deviation | Mean 


Males Females 


| Std. Deviation 


Percentage HI of IJ 


6 | 47 
Percentage JK of IJ 


128 8 | 133 


Since it can be said that the measurements 
in the majority (95 per cent) of all normal 
subjects will fall within plus or minus 2 stand- 
ard deviations, any observations falling close 
to or above 3 standard deviations from the 
mean should be carefully investigated before 
judgment of normality is made. 

There were no detectable higher frequency 
components in the ballistic waves of these 
normals (above 8 cycles). Thus, whether 
measured with coil and magnet or filters, there 
was no notching of the HI, IJ, or JK segments. 
Occasional normals showed two distinct com- 
ponents of the H wave peak, however, and 
timing was made to the first peak. 

Statistical evaluation reveals that these 
differences in timing are true differences (p 
is considerably less than .01 in all cases) and 
thus separate standards for males and females 
should be utilized. 

The standards of wave ratio measurements 
and timing were made with respiration sus- 
pended during quiet respiration as near mid- 
inspiration as possible. During quiet respira- 
tion, there is a decrease in amplitude or 
velocity curves in expiration, and in most of 
our normal subjects the percentage relation- 
ship of each wave segment is maintained. In a 
few normal subjects, however, while breathing, 
some beats at maximal point of expiration 
lowered the IJ amplitude so that the HI seg- 
ment was in slightly higher percentage. Even 
in these cases, the HI did not exceed 75 per 
cent of the IJ segment. Also, when the potenti- 
ometer is used for timing and the ballistic 
amplitude is decreased, the T wave exerts an 
influence on the H wave amplitude so that 
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there may be some time delay from R to H 
and change of percentage relationship be- 
tween HI and IJ segments. 

It must be realized that changes in those 
measurements may result from environme: tal 
ambient vibration interference (faulty tech: ic) 
and electrical circuits that change the 
quency response characteristics. These st: 
ards are based on a coil and magnet pic 
with no filter for timing purposes and a fi 
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Fia. 8. Case of healed myocardial infarct. Electro- 
cardiograph returned to normal following complete 
healing. The displacement curve looks normal. but 
the change in the IJ slope represents changes in 
velocity and acceleration that are readily seen. The 
fast paper speed (75 mm. per second) shows ampli- 
tude relationship and phase shift when displacement, 
velocity and acceleration are compared in relation to 
higher frequency components such as notched J 
waves. The displacement curve has been amplified 
twice normal to show abnormality of form. 


using the 2 mfd. output condenser (frequency 
response C of fig. 3) for measuring of wave 
ratios. The 3 and 5 mfd. condenser (frequency 
response curve D of fig. 3) system should be 
used only as an auxiliary filter to measure 
wave ratios in the cases where body tremor 
components are of very high amplitude. 


Fig. 7. The velocity waves from five persons w ith 
proved coronary artery disease. In A, double am;lli- 
fication is used with frequency response curve F of 
figure 3 to show high frequency notching. When ‘he 
velocity ballistic waves were recorded, these ca-°s 
were healed and ambulatory. 
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Patients with Coronary Artery Disease. In 
cases of known coronary heart disease we 
e found no eases in which velocity measure- 
its fell within these standards of normal, 
| the majority of the velocity curves were 
completely changed that the various wave 
»ments could not be identified with cer- 
uty. In this group of 50 patients we have 
‘eeted only patients in which acute episodes 
‘ coronary occlusion with electrocardiograph 
firmation had taken place. However, in 
pa‘ients with pulmonary diseases such as 
emphysema, the ballistocardiogram may de- 
viate widely from these normal standards 
even though evidence of coronary artery dis- 
ease is not present. There are five cases il- 
lustrated from this group of 50 cases in figure 7. 
The finding of consistently abnormal bal- 
listic curves in coronary disease is not in com- 
plete accord with the findings of other in- 
vestigators who have been using displacement 
measuring devices.* Velocity is a more sensitive 
index of abnormality than is displacement due 
to the relative higher frequency. In figure 8 
a tracing from a patient with healed myo- 
cardial infarction is shown. It should be noted 
that the displacement curve seems to be 
normal, but the velocity and acceleration 
curves look entirely different. The fast paper 
speed (75 mm. per second) shows the relation- 
ship. The slope change of the IJ segment on 
the displacement curve is difficult to see but 
represents a rather marked change in velocity 
and acceleration. The notching of the J wave 
is readily seen in velocity curves and is even 
more prominent on the acceleration curves.'° 
This patient had typical history of myocardial 
infaret with electrocardiographic changes. 
After healing, the electrocardiogram returned 
to normal. 


SUMMARY AND CONCLUSIONS 


| The low frequency, velocity measure- 
met ballistocardiograph has been described. 

~. The influence of ambient vibration inter- 
fercnce on velocity measurements has been 
dis-ussed, and the importance of this phenom- 
eno has been emphasized. 


3. The timing of ballistic waves has been 
discussed, and a simple device for the recording 
of the QRS of the electrocardiograph and the 
ballistocardiograph has been demonstrated. 

4. Typical velocity curves have been demon- 
strated in normal subjects and in patients 
with coronary artery disease. 

5. Normal standards for velocity waves 
have been described, based on the analysis 
of 100 normal people between the ages of 20 
and 30 years. 


6. The measurement of the velocity of body 
motion seems to have great clinical application, 
and the diagnostic value in coronary artery 
disease has been presented. 


ADDENDUM 


Since the preparation of this paper Gubner 
has described a similar method of superim- 
posing the R wave of the electrocardiographs 
and the ballistic wave for timing purposes. 
(Gubner, R.: Circulation 4: 239, 1951). 
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Nutritional Factors in Hemodynamics 


II. Hypertension during Pteroylglutamic Acid 
Administration in Albino Rats 


ticHARD E. Ler, M.D., Pu.D., Sacutko Tanaka, B.A., AND ExizaBerH A. Houwze, B.A. 


Albino rats treated with pteroylglutamic acid (PGA) developed a significant increase in blood pres- 
sure, as compared with litter mate controls of the same sex. The hypertension was associated with 
wedge-shaped fibroblastic renal cortical lesions. Factors possibly important etiologically in the 
elevation of blood pressure are discussed in relation to certain of the metabolic roles of pteroyl- 


elutamie acid. 


N  INTERRELATIONSHIP _ between 
certain of the actions of ascorbic acid 
and of pteroylglutamic acid (PGA) 

has been reported recently by several labora- 
tories. The ‘‘tyrosyluria” present in vitamin 
C deficient guinea pigs' can be abolished by 
the parenteral administration of pteroylglu- 
tamic acid, although the deficiency of vitamin 
C and the subsequent development of scurvy 
is not ameliorated.2* Massive doses of this 
vitamin will similarly inhibit the anticipated 
“tyrosyluria” of secorbutic intants.> In addi- 
tion, young monkeys on a synthetic diet devoid 
of pteroylglutamie acid and of ascorbic acid 
develop a megaloblastic anemia which responds 
either to pteroylglutamie acid or to ascorbic 
acid administration.® 

It has been established previously that vita- 
min © has an important role in maintaining 
vasocompensatory processes in the peripheral 
circulation.7: § The evidence outlined briefly 
above suggested that metabolic association of 
ascorbie acid and pteroylglutamic acid might 
conceivably extend into hemodynamic mecha- 
nisms. For this reason, studies have been ini- 
tiated concerning blood pressure levels, tissue 
vitarnin C concentrations and certain peripheral 
vascular reactions in animals fed synthetic 
diet with and without pteroylglutamic acid 


fom the Department of Medicine, Cornell Uni- 
vers’ vy Medical Center, the New York Hospital, 
New York, N. Y., and the Federal Security Agency, 
Pub c Health Service, National Heart Institute, 
Nati nal Institutes of Health, Bethesda, Md. 

T is study was supported in part by a grant from 
the > utrition Foundation, New York, N. Y. 


supplementation. It is the purpose of this 
report to describe a blood pressure elevation 
with renal lesions that accompanies administra- 
tion of pteroylglutamic acid to albino rats. 


METHODS 


Twenty-seven albino rats of the strain developed 
in this laboratory were individually housed at age 
21 days and fed a synthetic diet* devoid of pteroyl- 
glutamic acid. They were maintained on this diet 
for a total period of six weeks (to age 9 weeks). 
Seventeen were given intraperitoneal injections of a 
suspension of pteroylglutamic acid, 1.0 mg. per ce. 
distilled water per 100 Gm. body weight, three times 
weekly. The material: was made up freshly immedi- 
ately prior to each injection. The remaining 10 
animals received na@ supplementation. After six 
weeks on this diet, 48 hours following the last dose 
of pteroylglutamic acid, the carotid blood pressure 
of each rat was recorded on a mercury manometer 
for a minimum period of six minutes. General anes- 
thesia was provided by sodium pentobarbital, 3.5 
mg. per 100 Gm. body weight. Blood pressures were 
similarly measured in 22 additional albino rats of the 
same strain receiving a regular laboratory pellet 
diet without additional pteroylglutamic acid. Obser- 
vations on each animal receiving the injections were 
compared with those on litter mate controls of the 


* The diet consisted of: 


Supplemented Diet Supplements 1% 

Mg./100 Gm. diet 
Casein............. 18% 
Bard... 8% 
Cornstarch. . ... 49% 
Sucrose. . 14% 
ae 2% 
Salt ohio aarti “ere 
Ce cs ck eaves 1% 
or oe Oe 


Salad Oil. . 


Thiamine....... 
Riboflavin. . 
Pyridoxine.......... 
Pantothenate..... 
Nicotinie Acid...... 
Nicotinamide. . . 
Choline Chloride. . . 
Pm@stOl S.65.55 ve 
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same sex receiving either the synthetic diet or the 
laboratory pellet diet. Individuals were selected 
whose average daily food consumption and body 
weights were as nearly comparable as possible. At 


Mean Blood Pressure in Each 
Group of Animals 


TABLE 1. 


Mean B.P. at 
6 weeks 
(aged 9 wks.) 


No. of animals for B.P. 
Determinations 


Animal Group 
Sex 
Synthetic Diet | Male 
Female 
Synthetic diet Male 
plus 1 mg. —— 
PGA/100 Gm. Female 
3X weekly 
intraperitone- 
ally 
Stock Pellet Male 
diet —_—_—— 
Female 


IN HEMODYNAMICS 


RESULTS 


The blood pressures of the rats are recor led 
on table 1. After six weeks of treatment, the 
rats receiving pteroylglutamic acid had :nj- 
formly developed a significant hyperten-ion 
(table 1). There were no differences in the 
blood pressures of the two control groups, 
The concentrations of ascorbic acid in the 
adrenal glands and in the kidneys were not 
influenced by the administration of pteroy]lu- 
tamic acid. Liver vitamin C was considerably 
elevated in all rats on the synthetic diet; \ ith 
moderately but not significantly  gre:ter 
amounts in livers of animals given pteroy!ylu- 
tamic acid (table 2). Also of interest were 
differences observed between the sexes with 


regard to tissue levels of ascorbie acid. ‘This 
finding, not related to the increased blood 
pressure associated with injections of pteroyl- 
glutamic acid, is under further study. 
Although the kidneys of treated rats were 
equal in weight to those of controls, the renal 


TABLE 2.—Average Tissue Ascorbic Acid Concentration* 


Animal Group 


Stock Pellet diet 


(15 males, 11 S.E.-9.6 


Number of Animals 


Ascorbic Acid (ug./Gm.) 


Kidney Liver Adrenal 
174 270 2881 
S.E.-135.0 


females) 


Synthetic diet 


(9 males, 7 
females) 


Synthetic diet plus 1.0 mg. of PGA/100 Gm. 
body wt. 3X weekly, intraperitoneally 


(9 males, 10 


2905 


S.E.-9.7 S.E.-87.0 


females) 


* Statistical examination of these data reveals that the high concentration of liver ascorbic acid in the rats 
receiving PGA is not of significance when compared with either of the two control groups. There is no significance 
in the differences shown in adrenal or kidney vitamin C. Animals on the synthetic diet had a relatively low 
kidney ascorbic acid concentration, regardless of whether or not the animals received PGA. 


the end of the experimental period, the animals were 
sacrificed and sections of the kidneys were stained 
with hematoxylin and eosin for microscopic studies. 
Samples of liver, kidney and adrenal of animals 
from this series and from others similarly treated 
were assayed for ascorbic acid concentration using a 
modification of the method of Roe and Kuether.’ 


cortex surface in 15 of the 17 animals receiving 
pteroylglutamic acid was dotted with whi ish, 
slightly contracted scars of from 0.5 to 2.0 
mm. in diameter. These areas extended 1.0 
to 3.0 mm. into the cortical parenchym: as 
small wedge-shaped lesions containing 1u- 
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erous fibroblasts. Cells of the proximal 

d distal convoluted tubules within and 

mediately adjacent to these regions were 

ually moderately shrunken, with pyknotic 
clei and eosinophilic cytoplasm. The re- 

tinder of the renal cortex and the medulla, 
spite the number and extent of cortical scars, 
«mpared favorably with that of the control 
avimals. Sections of the kidneys from one 
ral treated with pteroylglutamic acid showed 
rave atrophic glomeruli, but the other animals 
failed to demonstrate this change. Occasional 
dilatation of the convoluted tubules bordering 
the scarred portions was observed in approxi- 
mately 50 per cent of the animals, but casts 
in the renal tubules were not observed. 


DISCUSSION 


The tubular damage observed in these 
animals generally agrees with that previously 
described by others in kidneys of guinea pigs” 
and rats" treated with pteroylglutamic acid. 
Numerous casts, largely of pteroylglutamic 
acid or derivatives, with resulting tubule 
dilatation, were prominent features of the 
renal pathology noted by others, but casts 
were not found in the kidney tubules in the 
present study. This conceivably results in 
part at least from the fact that the dose of 
pteroylglutamic acid employed was. signifi- 
cantly lower than that employed by other 
workers,!’:! and the material was adminis- 
tered three times weekly rather than daily as 
was the custom in other surveys.!®: ! 

It has been reported that an acute and 
transient rise in blood pressure occurred im- 
mediately following a single intravenous in- 
jection of pteroylglutamic acid (5.0 to 100.0 
mg. per kilogram) in cats, dogs and in one 
rabbit. Within 30 minutes, however, the 
“blood pressure was always normal.’ This 
finding contrasts with the rise in blood pressure 
accompanying relatively long term intraperi- 
toneal administration of pteroylglutamic acid 
to rats at low dosage levels, for in this latter 
ins'ance pressures were recorded 48 hours after 
the last intraperitoneal injection. Moreover, 
ren il lesions following single doses of pteroyl- 
glu amic acid were not described.!" 


The mechanism by which a significant hyper- 
tension is obtained in rats treated with pteroyl- 
glutamic acid is at present obscure. Its associa- 
tion with renal lesions possibly suggests a renal 
factor comparable to that brought about by 
interference with renal blood flow, as with 
renal artery clamps, perinephric packs, or 
renal ligation. An excess of dietary pteroyl- 
glutamic acid, however, is associated with a 
reduced activity of liver d-amino acid oxidase 
and xanthine oxidase in the chick," and 
diminished xanthine oxidase activity in the 
rat. Liver choline oxidase in the rat may also 
be altered by an increase in dietary pteroyl- 
glutamic acid. It is conceivable that large 
amounts of parenteral pteroylglutamic acid 
might similarly interfere with the activity of 
certain renal or other enzyme systems that 
normally may inactivate endogenous hyper- 
tensive factors, and in this manner induce a 
sustained blood pressure elevation. Another 
possible explanation of the hypertension is 
suggested by recent demonstrations that 
pteroylglutamic acid is imminently concerned 
in” transmethylation and the synthesis of 
choline and methionine.!*-!8 In addition, under 
certain specific experimental conditions, the 
administration of pteroylglutamic acid ac- 
celerates methylation of a toxic substance and 
results in a consequent loss of available methyl 
groups from the body.'® In these circumstances, 
the development of a yellow, fat-infiltrated 
liver and a reduced growth rate suggests a 
choline deficiency. This possible antilipotrophic 
nature of pteroylglutamic acid under induced 
conditions is of interest. In the present study, 
pteroylglutamic acid may have accelerated 
transmethylation in the body to a degree 
sufficient to induce a significant over-all de- 
ficiency of accessible methyl groups. The onset 
of hypertension subsequent to a brief transient 
period of choline deficiency in early life is well 
established in rats.?°-? By producing a relative 
insufficiency of choline, or other methyl do- 
nator substances, administration of pteroylglu- 
tamic acid may result in hypertension perhaps 
by a metabolic action less direct than specific 
enzyme inhibition. 
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SUMMARY AND CONCLUSIONS 


1. Blood pressure levels and tissue vitamin 
C concentrations have been determined in 
rats of our laboratory strain treated with 
pteroylglutamic acid (PGA). 

2. Administration of pteroylglutamic acid 
for six weeks was accompanied by a significant 
blood pressure elevation. 

3. In comparison with the control animals, 
the treated animals showed no differences in 
kidney weight or in the concentration of as- 
corbie acid in the kidney, liver and adrenal 
gland. Injections of pteroylglutamic acid were 
associated with numerous wedge-shaped fibro- 
blastic lesions of the renal cortex. 

4. The possible mechanisms by which excess 
pteroylglutamic acid might produce hyper- 
tension are discussed in relation to the meta- 
bolic roles of the vitamin. 
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The Water and Electrolyte Content of the 
Human Heart in Congestive Heart Failure 
with and without Digitalization 


By Norman E. Ciarke, M. D., anpD Ropert E. Mosuer, Px.D. 


The hearts of 25 patients have been serially analyzed for water, chloride, sodium and potassium 
content. Sixteen hearts were of patients who died in circulatory heart failure; some received digitalis 
and some did not. The water content of all hearts was the same. In circulatory heart failure, the 
sodium increases and potassium decreases but the sum of the two remains the same as in normal 
hearts, indicating a reciprocal relationship. Digitalis in circulatory heart failure restores the alkali 
metal values and ratios of heart muscle to near normal levels. Digitalis exerts a direct chemical 


action on the heart muscle. 


HE ONSET and severity of congestive 

heart failure does not always conform to 

the objective evidence of heart damage, 
just as the anatomic findings in all instances do 
not correlate with the functional status of the 
heart. Therefore, one must suspect that con- 
gestive heart failure may result from either 
physical or chemical change in myocardial tis- 
sue, although critical chemical changes within 
the living heart muscle cell cannot be evalu- 
ated by present methods. According to Herr- 
man,’ the creatinine content of heart muscle 
is reduced in congestive heart failure and is 
partially restored by digitalis therapy. It ap- 
peared possible that digitalis might influence 
other constituents of the failing heart muscle, 
and the action of this drug in heart failure be 
due in part to its effect on the chemical balances 
existing in the heart tissue. We have investi- 
gated this possibility by studying the chemical 
topography of the human heart. The particular 
components studied were sodium, potassium, 
chloride and water content. 


METHODOLOGY 


Sampling. An effort was made to secure samples 
as soon after the time of death as possible, the aver- 
age « apsed time from death to autopsy being eight 
hourr. Samples approximately 20 Gm. in size were 
take: from the following five areas of hearts at 
auto; sy: right auricle, midzone of right ventricle, 
midz ne of ventricular septum, base of left ventricle 


From the Department of Research, Providence 
Hos; tal, Detroit. 
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and apex of the left ventricle. These samples were 
wiped dry of surface fluids and immediately sub- 
jected to analysis. All samples analyzed were 
trimmed so as to remove all visible fat and were 
carefully blotted before weighing to remove excess 
surface moisture. 

Water Content of Tissue. Approximately 0.5 Gm. 
of tissue in thin slices was placed in a weighed alu- 
minum dish and the dish reweighed. The difference 
in weight was taken to be the weight of the sample. 
The dish was then placed in an electric-air oven at 
135 C. until it reached constant weight. The usual 
time required was two hours. The sample was then 
removed from the oven, cooled in a desiccator and 
reweighed. The loss in weight was taken to be the 
weight of water contained in the sample and calcula- 
tions of per cent water content were made on this 
basis. This is essentially the method recommended 
by the Association of Agricultural Chemists for the 
determination of the water content of animal tissue? 

Chloride Content of Tissue. A 0.500 Gm. sample 
of carefully trimmed tissue was carefully weighed 
and transferred to a 125 ml. Erlenmeyer flask, 5 
ml. of five normal sodium hydroxide solution and 
20 ml. of distilled water were added and the sample 
was heated gently on an electric hot plate until solu- 
tion was complete. The solution was cooled and ap- 
proximately 20 ml. of distilled water, 7 ml. of con- 
centrated nitric acid and then exactly 5.0 ml. of 0.01 
normal silver nitrate solution was added and boiled 
gently until the silver chloride was completely co- 
agulated and the solution was light yellow in color 
(10 to 15 minutes). The solution was cooled and 1 
ml. of nitrobenzene added and shaken until the 
supernatant liquid was relatively clear. Two ml. of 
saturated ferric alum solution was added and ti- 
trated with 0.01 normal potassium thiocyanate to a 
faint pink endpoint. We found it advisable to run a 
reagent blank and to standardize the thiocyanate 
solution against the silver nitrate. The per cent 
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chloride was computed according to the following 
formula: 


(Vapnos 4 Nagno; 
“Cl — Vxens X Nxens) X 0.0355 X 100 
os Weight of sample in Gm. 

Sodium and Potassium Content of Tissue. A 0.300 
Gm. sample of tissue was carefully weighed and 
transferred to a 50 ml. Erlenmeyer flask. Five ml. 
of concentrated nitric acid and 5 drops of 70 per 
cent perchloric acid were added and then slowly 
evaporated to incipient dryness on an electric hot 
plate in a hood. No charring should occur. If the 


TABLE 1.—Average Composition of Heart Muscle (per 
cent Composition of Wet Tissue) 
H:0 Cl Na 


A. Normals (7 Hearts) 
0.120 | 0.139 
0.112 | 0.196 
0.094 | 0.309 

, 0.092 | 0.316 

| 0.089 | 0.311 


Right Auricle..........) 81. 
Right Ventricle........| 80. 
PPNNUD aio. aces aesvne ACS 
Base Lt. Vent..........| 78. 
Apex Lt. Vent.........| 79.4 


— tt 
nN we Or 


to 


B. Cardiacs (11 Hearts) 

Right Auricle.... 78.8 0.16 0.138 
Right Ventricle........| 79.0 | 0.15 | 0.139 
Septum.... .| 79.7 | 0.15 | 0.130 
Base Lt. Vent........ 79.1 0.16 | 0.131 
Apex Lt. Vent.. _ 0.14 | 0.128 


C. Digitalized Cardiacs (5 Hearts) 


Right Auricle.... .| 82.1 | 0.16 | 0.139 130 
Right Ventricle.... . 80.0 0.13 | 0.104 . 226 
CS ae . 79.3 0.14 | 0.104 . 285 
Base Lt. Vent..........) 79.5 | 0.13 | 0.096 . 290 


Apex Lt. Vent... 79.6 0.14 | 0.105 . 284 


sample did char, 5 ml. of concentrated nitric acid 
were added and the sample was evaporated to dry- 
ness once again. It has been found that 5 ug. of 
vanadium as ammonium vanadate will accelerate 
this wet ashing procedure. After the sample reached 
dryness, it was cooled and 10 ml. of distilled water 
and one drop of concentrated hydrochloric acid 
added and warmed until all salts were in solution. 
It was cooled and transferred quantitatively to a 
25 ml. volumetric flask and diluted to the mark 
with distilled water then mixed thoroughly by in- 
version. Then 1.0, 2.0, and 3.0 ml. aliquots of the 
standard solution were treated in the same manner 
as the tissue sample. Standards and unknowns were 
compared using the Beckman flame photometer. 
This technic is described by Mosher and co-workers.’ 


One liter of the stock standard solution contained 
0.255 Gm. of sodium, 0.625 Gm. of potassium, 0.6168 
Gm. of magnesium, and 0.310 Gm. of phosphcrus, 
The weighing forms were: sodium and potassiu:; as 
chlorides, magnesium as distilled magnesium m:tal, 
and phosphorus as diammonium hydrogen p.vos- 
phate. 

A total of 50 human hearts were analyzed, using 
the above technics. The data obtained from 2) of 
these hearts is presented. Of this group, 16 wer pa- 
tients who died in Providence Hospital with the 
clinical diagnosis of congestive heart failure. ‘This 
study was to correlate special chemical changes in 
the myocardium with this clinical diagnosis. The 
criteria for selection of these hearts included the 
presence of severe congestive heart failure, the ab- 
sence of obvious renal insufficiency and confirms tion 
of heart disease as the chief cause of the congestive 
heart failure by postmortem examination. The ctio- 
logic diagnosis, confirmed by necropsy, was rheu- 
matic heart disease in five, coronary heart disease 
in four, ancient coronary infarction in three and 
hypertensive heart disease in four patients. Five of 
these patients had received digitalis and 11 had not. 
All of the digitalized patients had received prelimi- 
nary digitalization and been maintained on daily 
maintainance dosage of the drug. The hearts of 
seven patients were normal from both clinical and 
autopsy examination. 

Since some variation in water content, occurs in 
different hearts and in different areas of the same 
heart, it is advisable to express concentrations of 
elements on a dry tissue basis. Routine fat deter- 
minations werenot madeand we have calculated ratios 
of potassium to sodium to eliminate the effect of the 
fat content of trimmed heart tissue which we have 
found by analysis to be normally 1 to 3 per cent. It 
is impossible to be sure of fat content, as present 
methods must show ether or other solvent extract- 
ables which may not represent solely fatty or lipid 
materials. Likewise, as collagen tissue comprises 
only 0.7 per cent of heart substance,‘ it causes no 
major error in this data. These analyses, therefore, 
should be characteristic of heart muscle and its 
immediate fluid environment. 


RESULTS 


As presented in table 1, the water content 
of the normal auricle is 81.2 per cent and the 
septum, base and apex of the left ventricle 
average about 79 per cent or the lowest water 
content, while the 80.7 per cent value for the 
right ventricle stands intermediate to the right 
auricle and left ventricle. There is a sight 
difference in the left ventricular water con ent 
of normal, diseased or digitalized dise ised 
hearts, while that of the right auricle of car liac 
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pa ients drops to 78.8 per cent. These varia- 
tioas in water content are not great enough to 
hod any significance. 

Vhen digitalis has been given, the auricular 
muscle chloride is 0.15 per cent and the lowest 
chioride content is 0.12 per cent in the septum, 
ba: e and apex of the left ventricle. The sodium 
is }ighest or 0.12 per cent and potassium lowest 
or ).139 per cent in the auricle but the reverse 
is irue of these elements in the left ventricle 
where they appear to be distributed uniformly, 
with sodium at approximately 0.092 per cent 
and potassium at 0.312 per cent. In congestive 
heart failure the same relative relationship of 
the auricle and ventricle with respect to sodium 
and potassium persists but, in general, sodium 
increases and potassium decreases in all sec- 
tions of the heart. When digitalis had been 
given for the congestive heart failure, there was 
a definite reversal of the electrolyte pattern 
toward normal levels. In all analyses the right 
ventricle figures stand intermediate to the au- 
ricular and left ventricular findings. 

The effect of digitalis on the heart muscle 
electrolytes in congestive heart failure is il- 
lustrated by figure 1. This represents heart sec- 
tions from the left ventricle only, with the 
figures for the ratio of potassium to sodium in 
milliequivalents on the abscissa and the number 
of samples of normal, diseased and digitalized 
diseased hearts on the ordinate. The samples 
from normal hearts fall between the ratios of 
1.25 and 2.50, and for hearts of cardiac patients 
between 0.25 and 2.00. The sections from dis- 
eased hearts which had been digitalized all lie 
closer to normal values than they do to the 
values for undigitalized diseased hearts, al- 
though there is a certain amount of overlap. 
Apparently digitalis acts on the heart muscle 
in congestive failure so as to restore the cellular 
elec'rolytes (sodium and potassium) to within 
normal ratios. 

T» determine whether there was a change 
in t! e total amount of electrolytes in the failing 
hea:'!, computation was made of the total milli- 
equivalents of chloride and of the alkali metals 
per 00 Gm. of dried heart tissue. As presented 
in t ble 2, the normal left ventricular chloride 
leve of 16 mEq. increases to 21 mEq. in the 
left ventricle muscle of undigitalized cardiac 


patients, but remains at 21 and 20 mEq. in 
the right auricle and right ventricle, respec- 
tively, of normal and diseased hearts. The 
sodium increases and potassium decreases in all 
muscle sections of the cardiac patients, but the 
total milliequivalents of sodium and potassium 
in the various muscle sections of the cardiac 
patients remain about the same as in the cor- 
responding sections of the normal hearts, ex- 
cept that the right auricle decreases to 42.8 


NORMALS 


0.25 050 0.75 100 1.25 180 175 2.00 2.25 


DIGITALIZED 
CARDIACS 


NUMBER OF SAMPLES 


CARDIACS 


0.25 050 0.75 1.00 1.25 1.80 175 2.00 225 250 
RATIO OF K TO NA IN MEQS. 


Fic. 1. The effect of digitalis on the potassium- 
sodium ratio of the left ventricular heart muscle in 
circulatory heart failure. 


mKq., the normal being 47.8 mEq. Due to the 
natural variability of the auricle, it is doubtful 
if this difference has any statistical signifi- 
‘ance. The potassium-sodium ratios on the 
basis of milliequivalents also increase progres- 
sively from the right auricle to the left ventricle. 
The hearts of digitalized cardiac patients show 
lower chloride and sodium and higher po- 
tassium values than do the hearts of undigi- 
talized cardiac patients. The total milliequiva- 
lents of sodium and potassium of all heart 
muscle sections in the digitalized cardiac pa- 
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tients are about equal to those for normal electrolyte balance in a heart. In disease:| 
hearts except for a greater than normal increase hearts the deviations for the left ventriculsy 
in the right auricle. It is significant that in con- samples are the same as or greater than those 
trast to the great change in potassium-sodium for samples from the right auricle or rigit 
ratios between the normal and diseased heart, ventricle. This condition does not occur wit 
the total number of milliequivalents of alkali normal or digitalized diseased hearts. 
metals in 100 Gm. of dry heart tissue is essen- To establish that there is a relationship | 
tially the same in all corresponding heart sec- tween potassium and sodium, as suggested | y 
tions of both groups. the fact that there may be wide variation 
In table 2, average deviations are given for potassium-sodium ratio between samples ha 
normal hearts and for hearts from patients ing the same combined amounts of these e: 


TABLE 2.—Milliequivalents of Chloride and Alkali Metals per 100 Gm. of Dried Heart Tissue 
with Average Deviations of Analysis. 


Cl AD*| Na AD*| K AD.*| Na-K 


A. Normals (7 Hearts) 


Right Auricle. . : 21 + 4.3 | 27.5 4.5 | 20.3 

Right Ventricle. 20 + 3.6 | 25.6 4, 26. : 51. f 

Septum. 18 + 2.5 | 19.6 2.2 | 38. 3.2 | 55. 2.§ .94 + 0.30 
Base Lt. Vent....... Si 146+ 1.1) 19. 21s 6 | 57. 3.2 | 2.02 + 0.10 
Apex Lt. Vent.... 16 + 1.5 | 18. .6 | 38. 2: 6 4.2) 2.06 + 0.13 


B. Cardiacs (11 Hearts) 


Right Auricle. . 21 
Right Ventricle. . 20 
Septum. 21 
Base Lt. Vent. 22 
Apex Lt. Vent..... 20 


28 .¢ 
28.8 
27.8 
27. 


28. 


HH HOH 
wo oe oo NO 
ao I 


mH W bo 

H+ HE He HE Ht 
Ht HE He He HE 
Ht He HE He Ot 


C. Digitalized Cardiacs 


Right Auricle. ... 28 
Right Ventricle... 18 
Septum : 19 
Base Lt. Vent..... ies ne 18 
Apex Lt. Vent....... ie 19 


or 
wo 


3388 
He He He He Ht 


HH HOH 


o> 
w 


| 


* Average deviations of analysis. 


dying in congestive heart failure who had or ments, we have related these data statistically. 
had not received digitalis. In general, the de- We show in figure 2 a graph of the milliequiva- 
viations for hearts of undigitalized cardiac pa- lents of potassium per 100 Gm. of dried heart 
tients are greater than the corresponding values tissue against the milliequivalents of sodium 
for the other two categories. Generally, the per 100 Gm. of dried heart tissue and have 
deviations for the right auricle and right ven- drawn an average line. Each point represents 
tricle are greater than those for the left ven- the data obtained from one sample of left 
tricle. Computed percentage-wise, the devia- ventricular tissue. The correlation coefficient 
tions of potassium-sodium ratios are smaller for this data is —0.67. A correlation coefficient 
than for sodium and potassium individually. of 0 would show that there is only a random 
This would indicate that the ratio is more re- scatter of points, while a value of plus or mi'us 
liable than individual sodium or potassium 1 would indicate perfect correlation and all 
values as an index or criterion of the status of points would lie on one straight line. Since he 
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-alue for our data is —0.67, we can conclude 
hat there is a high probability of correlation 


‘,etween sodium and potassium levels in tissue, 
;robably in the nature of some type of equi- 


brium. 
The limits of variation of alkali metals in the 


1ight auricle, right ventricle and left ventricle 
<re presented in figure 3. The sum total of 
tailliequivalents of sodium and potassium per 


100 Gm. of dried heart tissue was used, since 
this value was found to be fairly constant for 
both normal and diseased hearts. The values 


are from normal, diseased and digitalized dis- 


ased hearts. The greatest variation occurs in 


oo 


POTASSIUM 


a 
2 
a 
~ 
z 
a 
< 
> 
> 
Sg 
= 
a 
2 
2 


CORRELATION COEFFICIENT 
iS -0.67 


20 30 40 50 
MILLIEQUIVALENTS OF SODIUM 


Fic. 2. The statistical relationship of potassium 
and sodium in dried heart tissue. The correlation co- 
efficient is —0.67. 


the auricle where the values range between 20 
and 80, or a range of 60, while the least varia- 
tion occurs in the left ventricle with a range 
between 40 and 70, or a variation of only 30. 
The right ventricle once again stands inter- 
mediate with a variation from 25 to 75, or a 
sige of 50. The great difference in the total 
viliequivalents of alkali metal between the 
icht auricle and left ventricle may reflect the 
ferent function of these two chambers. 
Heart enlargement is an important clinical 
ign of heart disease and edema of congestive 
it failure, so it seemed important to de- 
mine whether the two necessarily bear any 
«tionship. In figure 4, heart weights in grams 
the abscissa are plotted against per cent 


water content on the ordinate. It is apparent 
that there is no relationship between heart 
weight and water content of heart muscle, for 
hearts weighing between 500 and 650 Gm. have 
the same average water content as hearts 
weighing between 200 and 300 Gm. This graph 
is representative of normal, diseased and digi- 
talized diseased hearts. The relationship of 


10 20 30 40 8650 60 70 80 90 


RIGHT 
VENTRICLE 


aw 
a 


LEFT 
VENTRICLE 


& 8 


NUMBER OF SAMPLES 
> 
So 


0 ’ 
0 10 20 30 40 60 60 70 60 690 100 
TOTAL MEQ. OF SODIUM AND POTASSIUM 
PER 100 GRAMS OF ORY TISSUE. 


Fig. 3. The limits of variation of alkali metals in 
the right auricle, right ventricle and left ventricle. 


heart weight and congestive heart failure to 
heart muscle chloride, sodium and potassium 
content is presented in table 3. The two hearts 
selected are representative of others in our 
series. The heart weighing 575 Gm. was that 
of a man dying suddenly from cerebral throm- 
bosis. Prior to death he had had no pronounced 
heart symptoms and analysis showed the chlo- 
ride, sodium and potassium content of his 
heart: to be essentially normal despite its size. 





912 CONTENT OF HUMAN HEART IN CONGESTIVE HEART FAILURE 


The second heart weighing 250 Gm. was from 
a man dying with the clinical picture of con- 
gestive heart failure which followed intestinal 
surgery, prolonged use of gastric drainage by 
Levine tube and the administration of three 
liters of 5 per cent glucose in sterile water daily 
for 11 days. He received no saline solutions. He 


PER CENT WATER 


200 600 700 


300 400 $00 
HEART WEIGHT IN GRAMS 

Fic. 4. The relationship of heart weight to water 
content. There is no correlation. 


TaBLE 3.—Heart Weight and Electrolytes (per cent 
Wet Tissue) 


HO | Na | K 
| | 


Heart Weight 575 Gm. (compensated) 
Septum................| 78.5 | 0.100 | 0.318 | 0.13 
Base Lt. Vent..........) 78.7 | 0.100 | 0.333 | 0.12 


77.8 | 0.088 | 0.304 | 0.13 
| | il 


Apex Lt. Vent 


Heart Weight 250 Gm. (post-oper. glucose) 


Septum................| 79.9 | 0.056 | 0.287 | 0.06 
Base Lt. Vent..........| 81.3 | 0.068 | 0.272 | 0.05 
Anex Lt: Vent.........| 81.2 0.05 





Averages 80.8 | 0.062 | 0.280 | 0.05 


died after increasingly severe dyspnea, orthop- 
nea, anasarca, weakness and ultimate collapse. 
The chemical changes in his heart are extreme, 
the left ventricular chlorides being 0.05 as 
compared with the normal of 0.12 with marked 
depletion of sodium to 0.062 per cent and po- 
tassium to 0.280 per cent, normal values being 
0.0917 and 0.312 per cent respectively. He 
died with the clinical picture of congestive 


heart failure and with marked electrolyte 
change in the myocardium although with a 
heart of normal weight and no previous history 
of heart disease. 


DISCUSSION 


It has been stated’ that the reduction in 
heart muscle potassium in congestive heat 
failure is the result of heart muscle edema. Our 
experience is to the contrary, as no real differ- 
ence in average water content between normal 
and diseased hearts was found, although the 
latter show definite decrease in potassium con- 
tent. Further, the potassium content of heart 
muscle of digitalized cardiac patients is higher 
than that of undigitalized cardiac patients with 
no or very slight change in the water content. 
Since heart muscle does not become edematous 
in congestive heart failure, changes in chloride 
or alkali metal content are not related to change 
in total heart muscle water. 

There are distinct differences between the 
right auricle and left ventricle in chloride and 
electrolyte content and their behavior in con- 
gestive heart failure. Although the right auricle 
is more resistant than the left ventricle to 
quantitative change in individual metal con- 
tent when congestive heart failure occurs, as 
shown by potassium-sodium ratios, neverthe- 
less the right auricle has a wider range of total 
alkali metal content than does the left ven- 
tricle. These findings may reflect the varied 
importance of these electrolytes in the different 
functions of these two heart chambers. 

In the isolated animal heart,® stimulation of 
the vagus nerve increased the potassium con- 
tent of the perfusion fluid which was Locke’s 
solution. The potassium loss was supposedly 
from heart muscle, and because the vagus nerve 
exerts greatest influence on the heart auricles, 
these chambers should contribute a greater 
proportion of their electrolyte content. We find 
that the auricle functions under a wide range 
of total electrolyte content but resists great 
change in individual electrolyte values. The 
right auricle is the location for the domin:nt 
stimulus formation, and these peculiarities of 
its electrolyte content may be necessary (or 
maintaining the primary heart stimulus. \t 
least it appears that sudden vagus stimulat 9n 
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w uld not alter to any extent its potassium 
c itent. The left ventricle functions as the 
rgy source for maintaining circulation of the 
|, od. The energy producing or muscle con- 
1 eting function of the left ventricle permits 
le variation in individual electrolyte con- 

t with retention of the essential muscle 

' tability but exercises greater control over 
content of total alkali metals. It seems 
sible that under certain conditions, strong 

gus stimuli might quickly disturb auricular 
iuscle potassium, alter impulse conductivity 
aid produce an auricular arrhythmia such as 
ywcurs With severe, acute upper abdominal dis- 
ease as duodenal ulcer and severe, acute gall 
bladder disease. 

Various investigators’-* have noticed that 
potassium can abolish the extrasystoles that 
occur with overdigitalization. It has been as- 
sumed that the potassium content of heart 
muscle is reduced by such therapy but our 
studies show that digitalis restores rather than 
decreases the potassium content of heart mus- 
cle when in the state of congestive failure. On 
the basis of our findings it appears probable 
that, since digitalis does not fully replace the 
potassium-sodium balance, the giving of po- 
tassium may complete this restoration and 
thereby produce the results that have been ob- 
served. 

A reciprocal relationship between sodium and 
potassium in heart muscle is suggested by this 
study. There is an increase in sodium and de- 
crease in potassium when the heart muscle is 
in a state of congestive failure, although the 
total milliequivalents per 100 Gm. of dried 
heart tissue remain practically the same in 
normal and diseased hearts and the normal po- 
tassium-sodium ratios may be twice as large as 
in congestive heart failure. This suggests that 
the movement of one of these elements into or 
out of the muscle tissue is accompanied by the 
opposite movement of the other element. 

The use of digitalis in congestive heart failure 
is reflected in nearer normal electrolyte values 
in all sections of digitalized diseased hearts as 
cc npared with undigitalized diseased hearts. 
Tl is probably is produced by a direct chemical 
ac'ion of digitalis although central action 
th ough the vagus nerve under certain condi- 


tions may be a factor. We found that the 
lowered auricular muscle potassium in con- 
gestive heart failure is elevated toward normal 
by digitalis which indicates that the action of 
digitalis on the auricle is a direct chemical 
effect or that vagal stimulation does not de- 
crease the auricular muscle potassium when the 
heart is in congestive failure. 

As the total milliequivalents of alkali metals 
are the same in normal and diseased hearts, 
the giving of digitalis in congestive heart failure 
increases the potassium and decreases the so- 
dium content of heart muscle, restoring the 
potassium-sodium ratio to nearer normal levels. 
However, the restoration by digitalis of the 
potassium-sodium ratios to within normal 
limits did not prevent death. Perhaps the re- 
duced heart muscle potassium or the abnormal 
potassium-sodium ratio was of such long stand- 
ing that irreversible myocardial cell damage 
was present. This could explain digitalis re- 
sistance or failure of clinical response and show 
the necessity for early and adequate digitalis 
therapy in cases of congestive heart failure. 


SUMMARY 


A total of 50 human hearts, 16 from patients 
dying in congestive heart failure, were sec- 
tionally analyzed for water, chloride, sodium 
and potassium. 

The total water content of normal, diseased 
and digitalized diseased hearts was the same. 
Therefore the water content of heart muscle is 
not the cause of changes in chloride or electro- 
lyte content of heart muscle. 

The milliequivalents per 100 Gm. of dried - 
heart tissue of sodium increases and of po- 
tassium decreases in congestive heart failure 
but the sum of the two is the same in all hearts; 
this supports the existence of a reciprocal re- 
lationship between these cations in heart mus- 
cle tissue. 

In congestive heart failure, digitalis restores 
the alkali metal values and ratios of heart 
muscle to near normal levels. The alkali metal 
changes produced by this drug in the right 
auricle and left ventricle are distinctly differ- 
ent. This may be related to the different func- 
tion of these heart chambers. 

Evidence is presented that digitalis exerts a 
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direct chemical action on the heart muscle and 
the possibility of irreversible myocardial dam- 
age with prolonged electrolyte unbalance sug- 
gests the importance of early and adequate 
digitalis therapy. 
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The Measurement of Total “Sodium Space” 
and Total Body Sodium in Normal 
Individuals and in Patients 
with Cardiac Edema 


By Grorce F. Warner, M.D., Ernest L. Dosson, Pu.D., CAROLINE E. Ropcers, A.B., 
Murieu E. Jounstron, M.A., AND NELLO Pace, Pu.D. 


Total sodium space and total body sodium contents were determined in four groups of individuals 
with the aid of radiosodium*!. There appears to be an increase in these values with age, but the 
presence of well compensated cardiovascular disease in the older age group does not significantly 
alter the magnitude of these measurements. When congestive failure with edema occurs, there is 
a marked increase in total sodium space and total body sodium. The increase in total sodium space 
shows a good correlation with the clinical degree of edema. 


HE IMPORTANCE of sodium in the 
body economy is well known; however, 
reports of the measurement of the total 
“sodium space” in man have been infrequent. 
Kaltreider and co-workers! measured the 
volume of distribution following injection of 
radiosodium in a group of normal subjects. 
Recalculation of their data, allowing sufficient 
time for equilibrium to occur, shows an average 
value from three individuals for the total 
sodium space of 27.3 per cent of body weight. 
Fellers and associates? made five observations 
on normal adults and obtained a mean of 
27.1 per cent of body weight, and Schwartz 
and associates’ cite an average value of 26.6 
per cent of body weight in three normal sub- 
jects. None of these authors, however, presents 
a study of the total sodium space in patients 
with cardiac edema. 
Reports of the simultaneous measurement of 
toial sodium space together with the total 
bo ly sodium content in man have been even 





‘rom the Donner Laboratory of Medical Physics, 
versity of California, Berkeley; the University of 
fornia Medical Service, San Francisco Hospital, 
sartment of Public Health, San Francisco; and 
Division of Physiology, University of California, 
keley, Calif. 

"he work reported herein was performed under 
itract N7onr-295/4 with the Office of Naval Re- 
rch, and additional support was réceived from the 

A omie Energy Commission. 


more infrequent. Shohl* gives an estimate of 
63 Gm. for a 70 Kg. man (39 mEq. per kilo- 
gram) for total body sodium, and Moore® 
reported a value of 59 mEq. per kilogram in a 
single case using sodium*. More recently, 
Forbes and Perley®:7 have used radiosodium 
to measure the total body sodium in a group 
of infants and young adults. 

The present study has been primarily con- 
cerned with older age groups, and includes 
patients with cardiac edema as well as normal 
subjects. Four groups of individuals were 
chosen for comparison: group 1, consisting of 
young normal adults; group 2, old normal 
adults; group 3, old adults with cardiovascular 
disease but well compensated and edema-free; 
group 4, old adults with cardiovascular disease 
in congestive heart failure with edema. Total 
sodium space and total body sodium content 
of these four groups were determined. 


METHODS 


A single 10.0 ml. blood sample was obtained by 
venipuncture 24 hours after the injection of ap- 
proximately 100 microcuries of sodium?’ in sterile iso- 
tonic sodium chloride. The blood was allowed to clot 
and the serum removed. Duplicate 1.0 ml. samples 
of serum were dried on plates and the activity de- 
termined by means of a Geiger-Miiller counter. 
The amount of sodium?! injected was determined 
by measuring the activity of an aliquot of the in- 
jected solution. All values were corrected for radio- 
active decay, background, and the resolving time 
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of the counting equipment. In addition, the serum 
sodium?* concentration of the samples was deter- 
mined by flame photometry® by means of a Beck- 
man flame photometer. 

Calculations and Assumptions: The sodium** con- 
centration of the serum samples relative to the 
total amount of sodium** injected represents the 
extent of dilution in the body of the injected dose. 
The volume of this dilution has been termed the 
total sodium space and can be expressed both in 
liters and as per cent of body weight. Thus, total 
total sodium* activity injected 


sodium space = ——- ; 
serum sodium? concentration 


PA 
PERCENT BODY WEIGHT 
10 20 x» 40 


Young normal adults 


Old normal adults 

Old adults with cordiovosculor 
» NO edema 

Old adults with cardiovascular 

disease and with edemo 

Young normal adults 


Old normal adults 

Old adults with cordiovosculor 
disease, no 

Old adults with cordiovesculor 
disease ond with edemo 


° 0 50 


20 40 
MILLIEQUIVALENTS PER KILOGRAM 
TOTAL BODY SODIUM 


Fig. 1. Comparison of total sodium space and total 
body sodium in four groups of individuals. 


TABLE 1.—Sodium Spaces—Young Normal Adults 


Height Weight Sodium space 


meters kilograms liters 
.73 68.2 19.7 
.78 59.1 
.88 76.0 
80 | 75.0 
93 | 72.7 
.83 91.0 
.78 79.2 
18 76.1 
.93 93.2 
74 71.8 


— 


eet 


This calculation assumes a homogeneous concentra- 
tion of sodium. Because sodium is not homoge- 
neously distributed among the various tissues, the 
value obtained by calculation is virtual rather than 
actual. However, sodium space measurements are of 
considerable value when used comparatively. 

The time of blood sampling after injection is im- 
portant in determining the total sodium space. 
Burch and his colleagues® concluded from measure- 
ments of the sodium space made at 60 and 90 
minutes that a total sodium space calculation made 
at these times cannot be accurate. Data to be pub- 


lished on measurements of 48-hour arterial plasm 

distribution curves indicate that a minimum perio(! 
of 8 to 12 hours is required for complete equilibrium 
to be achieved. A 24-hour sampling time was foun:! 
to be convenient and was chosen in this study, 
rather than a time of 8 to 12 hours, to allow mor: 
than the minimum time for equilibration to occu 

particularly since many of the patients presente | 
large amounts of edema. 

The excretion of sodium?‘ via urine, sweat, ar | 
feces over the 24-hour period was not measurc:! 
directly. Unpublished data on sodium** blood di 
tribution curves extended to 48 hours have show 
the presence of a component which is believed + 
represent excretion. The slope of this component i 
young normal adults and in cardiac patients has 
indicated a loss of sodium?‘ through excretion at the 
rate of 9 + 3* per cent per day and 4 + 2 per cen 
per day respectively. Ignoring this loss produces an 
artificial enlargement of the total sodium space 
amounting to 2.5 + 0.8 per cent of the body weigiit 
in normal subjects, and to 1.5 + 0.8 per cent of the 
body weight in cardiac patients with edema. The 
values reported here have been corrected arbitrarily 
for this excretory loss. 

Assuming that at the end of 24 hours the specific 
activity of sodium is uniform throughout the body, 
the total body sodium may be obtained by multi- 
plying the serum sodium?’ concentration by the 
total sodium space. The values for total body 
sodium determined in this manner have been ex- 
pressed as milliequivalents per kilogram of body 
weight. 


RESULTS 

The results of total sodium space and total 
body sodium determinations in four groups 
of individuals are summarized in figure 1. 

Group 1 consisted of 10 young normal 
adult males with an average age of 24.3 years 
(table 1). Total sodium spaces were deter- 
mined in the manner described. The average 
ralue for the total sodium space in this group 
of young adults was 26.4 + 1.1 per cent of 
the body weight. Direct serum sodium” levels 
were not determined in this group, but the 
normal value of 136 mEq. per liter given by 
Hald’® was used to calculate the total body 
sodium contents. The average value for tlie 
total body sodium in this group was 35.5 + 
1.5 mEq. per kilogram; this value is somewhat 


lower than that given by Forbes and Perley." ’ 


* standard deviation 
+ standard error of the mean 
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Group 2 consisted of 13 old normal adult 
iiales averaging 57.9 years of age (table 2). 
‘he average value for the total sodium space 
yas 30.3 + 1.6 per cent of body weight. The 
t tal body sodium averaged 40.6 + 1.5 mEq. 
yor kilogram. The serum sodium” levels in 
t is group averaged 136 mEq. per liter. 

Group 3 consisted of 11 determinations on 
i) old adult male patients with cardiovascular 
dsease, usually hypertensive and/or arterio- 
sclerotic, who were clinically well compen- 
sited and edema-free (table 3). The average 
ave of this group was 54.0 years. The average 
value for the total sodium space was 32.2 + 
1.8 per cent of body weight, and the average 
total body sodium content was 42.8 + 2.4 
mEq. per kilogram. The serum sodium” levels 
in this group averaged 133 mEq. per liter. 


TaBLE 2.—Sodium Spaces and Serum Sodium 
Concentrations—Old Normal Adults 


Weight (Sodium space Serum sodium 
| 


Age Height 
years | meters | kilograms | mEq./liter 
1.79 54.1 9 | 138.3 
1.65 y i | ; 137.8 
1.74 130.8 
1.80 139.5 
1.63 139.5 
1.60 140.3 
1.91 127.2 
1 
1 
1 
1 
1 
1 


AUK eI.d 
SBSssses 


65 136.2 
.88 138.7 
67 131.2 
71 132.8 
144.3 
137.2 


om © 
| Stsras -'s 
woaonnmnwan an oroc 


| 


(Group 4 consisted of 20 determinations on 
14 old adult males with cardiovascular disease, 
usually hypertensive and/or arteriosclerotic, 
wlio were decompensated (table 4). The 
mujority of these patients were in critical 
dezrees of congestive heart failure with marked 
elevations of venous pressure and _ prolonga- 
ticns of circulation time. Pulmonary conges- 
ticn was often marked and dyspnea severe. 
Pcripheral edema of mild to marked degree 
Ws present in all cases. Any patient with 
hy poproteinemia was excluded, and the use of 
m:reurial or other diuretics was interdicted 


just prior to and during the determinations. 
The average age of this group was 61.3 years. 


TaBLE 3.—Sodium Spaces and Serum Sodium 
Concentrations—Old Adults with Cardiovascu- 
lar Disease, Well Compensated and Edema-free 





Age Height Weight [Sodium space Serum sodium’ 


kilograms liters 
40 ; S77 
45 i 61.4 
50 3 66.6 
50 j 84.1 24.9. | 1300 
51 . 86.1 35.6 133. 
57 3 63.6 | 27.6 | 134. 
58 : 64.1 | 15.6 135.8 
61 : Cus | 298 146. 
—s i 4, 97.3 | 31.6 135. 

2 

6 


mEq./liter 
16.1 130. 
19.8 125. 
23.0 124. 


years meters 


| 
| 
| 


7s {| 2. 76.8 | 27 127. 
75* | : 59.1 | 21 128. 








* Repeat determination. 


TaBLeE 4.—Sodium Spaces and Serum Sodium 
Concentrations—Old Adults with Cardiovascular 


Disease, in Congestive Failure with Edema 





) 

Clinical 

degree of 
edema 


P ° Sodium Serum 
Age Height Weight space | sodium’ 





meters kilograms liters | mEq./liter plus 
40 1.79 65.5 32.2 | 137.0 
49 1.62 68.4 SES | 188. 
49* 1.62 58.6 26. 142. 
50 1.85 84.5 40.2 | 140. 
50* 1.85 83.6 33.7 | 139. 
1.71 87.0 42.: 142. 
1.4 72.0 30. 140.‘ 
1.82 76.4 31.2 | 137. 
61 1.74 97.3 | 30. 131. 
62 1.81 81.9 135.§ 
65 1.73 81.4 | 28. 140. 
1 
1 
1 
1 
1 
1 
1 
1 
1 


w 


56* 
60 


wow wore PDN WD W 


NoOome 


66 72.5 | 27 123. 
68 65.9 | 27. 129. 
69 60.0 | 28. 141.8 
70 77.5 | 41 126.6 
70* 68.0 | 34. 136. 
70* 59.1 | 23 128. 
71 107.3 | 36. 130. 
72 54.5 | 138. 
72* 50.2 | 22. 126.: 


bo 
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* Repeat determinations. 


The average value for the total sodium space 
was 41.7 + 1.5 per cent of body weight. The 
average value for the total body sodium was 
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56.7 + 1.9 mEq. per kilogram. The average 
serum sodium* concentration was 135 mEq. 
per liter. 


DiscussION 


It can be seen from figure 1 that there is a 
difference in total sodium space and _ total 
body sodium content between the young and 
the old normal adults. The presence of well 
compensated cardiovascular disease, however, 
does not appreciably increase the values in the 
older age group. When congestive failure with 
peripheral edema is present, there is seen a 
marked increase in the total sodium space and 
the total body sodium content. 


22 


LITERS PER SQUARE METER 
a a 8 


B 


AVERAGE NORMAL TOTAL SODIUM SPACE 


© Old normal adults (Group 2) . 

© Well compensated cardiovascular diseose 
(Group 3) 

@ Cardiac decompensation with edema 
(Group 4) 
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CLINICAL DEGREE OF EDEMA 


Fic. 2. Comparison of individual measurements of 
sodium space with clinical estimate of edema. 


Prior to measurement, a clinical estimate of 
edema was made on an arbitrary scale from 
plus 1 to plus 4. The best correlation between 
the total sodium space and the amount of 
estimated edema has been obtained by ex- 
pressing the sodium space as liters per square 
meter of body surface. Ideally, comparisons 
of body composition between individuals 
should be made on a fat-free body weight 
basis"; however, lacking this data an ap- 
proximation may be made by expression of 
the results on the basis of body surface area. 
The total sodium spaces expressed in this 
manner are shown in relation to the clinical 
degree of edema in figure 2. 


In figure 2, the horizontal line represents the 
average normal total sodium space in lites 
per square meter. The diagonal line shows tlie 
increase in total sodium space with increasiig 
amounts of edema. The correlation coefficie \t 
has been calculated to be 0.77. The differen :e 
between these two lines at any point repr- 
sents the excess total sodium space, and var'»s 
in an average individual (1.73 square mete)s) 
from approximately 3 liters of sodium spa:e 
in minimally detectable edema to about 3 
liters of sodium space in markedly edemato'is 
patients. 

It is well known that the volume of distribi- 
tion of sodium is larger than the volume of 
distribution of certain other substances (thio- 
cyanate, sucrose, inulin, mannitol) which are 
thought to measure the extracellular fluid 
compartment. The reason for this discrepancy 
is that sodium is not limited to the extracellular 
fluid compartment but is also found in tissue 
cells and in bone. When congestive failure with 
edema occurs, there is an expansion of the 
volume of distribution of sodium (total 
sodium space). The increase in total sodium 
space correlates closely with the clinical degree 
of edema. This suggests that the expansion of 
total sodium space may be primarily an in- 
crease in the extracellular volume and that the 
excess sodium space in edematous cardiac 
patients represents the actual increase of 
body fluid (extravascular extracellular) con- 
stituting the edema. However, the possibility 
of an increase in the other body sodium com- 
partments, for example, intracellular space 
and bone, is not ruled out. Quantitative con- 
clusions on the distribution of the sodium 
within the total sodium space cannot be made 
on the basis of presently available data. 


SUMMARY 


Total sodium space and total body sodium 
contents were determined in four groups of 
individuals with the aid of radiosodium™. 
There appears to be an increase in these valves 
with age, but the presence of well compensa) ed 
cardiovascular disease in the older age gro ip 
does not significantly alter the magnitude of 
these measurements. When congestive fail:ire 
with edema occurs, there is a marked incre.se 
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| total sodium space and total body sodium. 

(he increase in total sodium space shows a 

ood correlation with the clinical degree of 

dema. 
ACKNOWLEDGMENTS 
We are indebted to Drs. J. C. Geiger, T. E. 

\lbers, and L. H. Briggs for making available 

acilities at the San Francisco Hospital. Special 

hanks are extended to those members of the medi- 
al house staff who aided us in this investigation. 
REFERENCES 

| KALTREIDER, N. L., MENEELY, G. R., ALLEN, 
J. R., AnD Bate, W. F.: Determination of the 
volume of the extracellular fluid of the body 
with radioactive sodium. J. Exper. Med. 74: 
569, 1941. 

* Feviers, F. X., Barnett, H. L., Hare, K., ann 
McNamara, H.: Change in thiocyanate and 
sodium"! spaces during growth. Pediatrics 3: 
622, 1949. 

° Scuowartz, I. L., ScHacHTER, D., AND FREINKEL, 
N.: The measurement of extracellular fluid in 
man by means of a constant infusion technique. 
J. Clin. Investigation 28: 1117, 1949. 


4Snout, A. T.: Mineral Metabolism. New York, 
Reinhold Publishing Company, 1939. 

° Moors, F. D.: Determination of total body 
water and solids with isotopes. Science 104: 
157, 1946. 

6 Forses, G. B., anD Pertey, A. M.: Determina- 
tion of total body sodium in man with radio- 
sodium**. J. Lab. & Clin. Med. 34: 1599, 
1949. 

—, AND —: Estimation of total body sodium by 
isotopic dilution. I. Studies on young adults. 
J. Clin. Investigation 30: 558, 1951. 

8 Hatp, P. M.: Determinations with flame photom- 
eter. In Methods in Medical Research, Vol. IV. 
Chicago, Year Book Publishers, 1951. 

° Burcu, G. E., Reaser, P. B., anp Cronvicn, 
J. A.: Rates of sodium turnover in normal 
subjects and in patients with congestive heart 
failure. J. Lab. & Clin. Med. 32: 1169, 1947. 

10 Hap, P. M.: The flame photometer for measure- 
ment of sodium and potassium in biological 
materials. J. Biol. Chem. 157: 499, 1944. 

11 Pace, N., AND Ratupun, E. N.: Studies on body 
composition. III. The body water and chemi- 
cally combined nitrogen content in relation to 
fat content. J. Biol. Chem. 158: 685, 1945. 


7 





Thrombocytic Acroangiothrombosis 


Febrile Anemia, Thrombocytopenia, and Thromboses 
of Damaged Capillaries and Arterioles 


By Haut §. Tacket, M.D., anp Russet S. Jones, M.D. 


Two additional cases of a syndrome characterized by arthralgia, fever, anemia, thrombocytopenia, 
hemorrhagic manifestations, and thromboses of arterioles and capillaries are presented Pathologic 
description is given in some detail. Resemblances to certain other processes, including the rickett- 


“ 


sial diseases, 


vascular collagen” diseases and other conditions are pointed out. Deficiencies in 


knowledge of the entity are emphasized and a plea is made for continued efforts to define pre- 


cisely the natural history of the syndrome. 


N RECENT years a new and distinct syn- 
drome comprising fever, arthralgia, 
thrombocytopenia, anemia, focal neuro- 

logic signs and hemorrhagic tendencies has been 
defined. Thus far the disease has been diag- 
nosed conclusively only at autopsy. The specific 
pathologic changes consist of widespread 
thromboses in capillaries, arterioles, and oc- 
‘asionally in venules. These thrombi, composed 
of hyaline material, platelets, and proliferating 
endothelial cells, are associated with altera- 
tions in the vessel walls. The syndrome is a 
nosologic entity and has been given various 
designations that vary in emphasis placed upon 
specific clinical or histologic features: ““Throm- 
botic thrombocytopenic purpura,” “‘thrombo- 
cytic acroangiothrombosis,”’ “generalized (or 
disseminated) capillary and arteriolar platelet 
thrombosis,” “acute febrile anemia and throm- 
bocytopenic purpura with vasothromboses,”’ 
and ‘diffuse platelet thromboses with thrombo- 
cytopenia and hemolytic anemia.”'~” The syn- 
drome is being recognized with increasing fre- 
quency, and approximately 30 cases have now 
been reported in the literature since the 
original description by Moschcowitz! in 1925. 
There have been several reviews of the re- 
ported cases, the first in 1936? and two others 
in 1947.3 4 

Since the diagnosis can be established at the 
present time only by the recognition of the 


From the Divisions of Medicine and Pathology, 
University of Tennessee College of Medicine, and the 
John Gaston Hospital, Memphis, Tenn. 


characteristic vascular changes at autopsy, it is 
obvious that the natural history of the disease 
is incomplete. There may be mild and tran 
sient or relapsing and chronic forms that are 
nonfatal. The failure of clinical recognition even 
of the reported severe and fatal cases is re- 
flected in the lack of careful search for etiologic 
agents. Complete serologic, bacterial and ani- 
mal inoculation studies have not yet been made. 
While the etiology is unknown and the natural 
history poorly defined, the syndrome is of con- 
siderable interest in its possible relationship to 
the rickettsial diseases, to the ‘“vascular-col- 
lagen”’ group suchas lupuserythematosus, poly- 
arteritis nodosa and rheumatic fever, and to 
allergic phenomena in general. The difficult 
clinical differentiation of thrombocytic acro- 
angiothrombosis from such diseases, and par- 
ticularly from thrombocytopenic purpura, jus- 
tifies dissemination of information regarding 
each case as it becomes recognized. Thus, the 
diagnosis of future cases may be more timely 
established and investigation of etiology and 
effective therapy may be stimulated. 


Case Reports 


Case 1. A 45 year old Negro male with a painful, 
inflamed, left eye was seen on Dec. 8, 1948. Weig!it 
loss of 15 pounds had occurred during the precediig 
three months, and weakness and pain in the hips a" 
thighs, aggravated by activity, had been present 
two months. A diagnosis of iridocyclitis was mac. 
The patient received six intramuscular injections 
10 ml. of milk each during the ensuing three wee 5. 
Two weeks later the patient began to suffer fri 
severe, constant, left supraorbital headache. 


Circulation, Volume V, June 
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Jaa. 3, 1949 he awakened with diplopia and inability 
to open the left eye. Physical examination disclosed 
ptosis of the left eyelid, slight left exotropia, and 
in»bility to move the eye upward, medially, or down- 
w:rd. Red blood cells numbered 4.02 million per cu. 
mmn., white blood cells 7,850 and hemoglobin 11.5 
Ga. per 100 ml. Platelets numbered 2 to 3 per oil 
immersion field. There were 95 per cent polymor- 
phonuclear leukocytes, 4 per cent lymphocytes, and 
1 per cent large mononuclear cells. The urine con- 
tained 2 plus albumin and innumerable leukocytes 
and occasional erythrocytes. Serum bilirubin was 
0.3 mg. direct, 2.0 mg. total. Following cystoscopy, 
at which a few, small, scattered petechiae were 
noted in the mucosa of the bladder, massive hema- 
turia persisted until the patient’s death. Hemor- 
rhages developed in the eye grounds and skin of the 
arms. On January 19, the platelets numbered 29,000 
per cu. mm. (Rees-Ecker). The reticulocyte count 
was 12.5 per cent. The bleeding time (Ivy) was longer 
than 293 minutes. The clotting time was 5 minutes. 
No increased capillary fragility was demonstrated. 
Prothrombin time was 100 per cent. The bone mar- 
row showed many mitoses in the erythroid series and 
many megakaryocytes. Cellular distribution was 
approximately normal. Fever ranging from 99 F. to 
104 F. persisted throughout hospitalization. Splenec- 
tomy was done as a last resort; the patient expired 
40 minutes after completion of the operation. 


Pathologic Findings 


The only important gross changes were hemor- 
rhages in the brain, gastrointestinal tract and urinary 
tract. The vascular changes were most prominent in 
the adrenal glands, myocardium, spleen, brain, kid- 
neys and urinary bladder. 

The brain presented several 3 mm. areas of hemor- 
rhage in the brain substance. Mieroscopically, gran- 
ular and hyaline masses occluded the lumens of 
small veins, arterioles, and capillaries, most fre- 
quently in the cerebral cortex. Proliferation of the 
endothelium not only accompanied these thrombi, 
but often occurred where no thrombi were present. 

Microscopie changes in the small vessels of the 
myocardium were marked. In the capillaries endo- 
thelial proliferation was prominent, while in arteri- 
ols and venules the smooth muscle cells of the media 
were also of increased prominence. Between the 
en urged and proliferated medial and endothelial 
ce''s, there were zones of vacuolization and granular 
he nogeneous material which appeared to project 
in’) the lumen, raising the endothelium above it. 
Ix-s frequent than these changes were granular, 
ec-inophilie thrombi in the vessel lumens. These 
tl ombi were usually attached to one portion of the 
w: il, leaving a crescentic portion of the lumen unoc- 
cl ded. Some of these intraluminal masses contained 
hi ze and bizarre nuclei, either the aggregation of 
se eral nuclei or a single nucleus. Several small 
vi<cular lesions were older than others, for partial 


organization by fibroblastic cells and collagen fibers 
had already occurred. Occasionally, the adventitial 
connective tissue contained a few mononuclear leuko- 
cytes and some macrophages laden with ochre- 
colored pigment. 

Many of the pulmonary capillaries and several 
small pulmonary arteries contained finely granular 
thrombi with the previously described alterations 
in their walls. The same vascular changes were 
present in the spleen and liver. The adrenal glands 
were the sites of the most extensive vascular changes. 
These changes, similar to those already described 
in the myocardium, extended only a short distance 
into the cortex, leaving the sinusoids of the inner 
zones intact. The arterioles to the renal glomeruli, 
those among the convoluted tubules of the cortex 
and about the pericalyceal tissue occasionally showed 
areas of vascular change similar to that described 
in other organs. The characteristic mural and lu- 
minal changes were seen in the mucosa and muscularis 
of the urinary bladder, associated with hemorrhage 
and moderate numbers of mononuclear leucocytes 
in the adjacent connective tissue. 

The bone marrow presented a few vessels with 
the characteristic vascular changes. The megakaryo- 
cytes were present in the usual number and possessed 
the usual morphologic features. Other cells of the 
bone marrow showed no significant changes. 


Case 2. R. L. L., a 54 year old white man, had had 
cavitary pulmonary tuberculosis during the four 
years prior to his terminal episode. In May, 1951, he 
began to complain of malaise, weakness, and mild 
headache. Three days later he was found lying in 
bed with motor aphasia. He became semicomatose 
and had a slight convulsion followed by vomiting. 
Fever ranged between 100 and 104 F. (rectal). The 
urine contained 2 to 4 plus albumin and few to many 
casts and erythrocytes. Blood nonprotein nitrogen 
ranged from 53 to 65 mg. and creatinine from 3.4 to 
3.8 mg. per 100 ml. The cerebrospinal fluid was 
normal. The red blood cell count ranged between 
2.86 million and 1.93 million per cu. mm., the hemo- 
globin between 8.5 and “less than 7.5” Gm. per 100 
ml., the white blood cell count between 8,400 and. 
6,900 per cu. mm. with polymorphonuclear leuko- 
cytes between 66 and 57 per cent, lymphocytes from 
22 to 27 per cent, monocytes from 3 to 13 per cent, 
and eosinophils from 3 to 9 per cent. There was no 
estimation of the number of platelets. Bleeding time 
was 6 minutes, 35 seconds, coagulation time 7 
minutes, 20 seconds. No acid-fast bacilli were found 
on direct smear of the sputum. Death occurred 
within a week following progressively deepening 
coma. 


Pathologic Findings 


The significant gross changes consisted of spleno- 
megaly, cardiomegaly, petechial hemorrhages over 
the extremities, epicardium, and _ gastrointestinal 
tract, and pulmonary tuberculosis. The vascular 
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Fig. 1. Legend on facing page. 
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w: || changes and “hyaline” thromboses were most 
m.rked in the myocardium, kidneys, adrenal glands, 
pcsterior lobe of the pituitary, and pancreas. The 
br in showed the same vascular wall changes, and 

nular and hyaline thrombi in the arterioles and 

jillaries as were noted in the first case. There was 
coisiderable involvement of the small vessels of 
th: posterior lobe of the pituitary. The heart was 
so t and pale with scattered petechial hemorrhages 
th oughout its substance and over its surface. Micro- 

tions showed disruption of the vessel walls by 
‘avuolization and granular material with occlusion 

‘the lumina partially or completely by “hyaline” 

sses containing variable numbers of endothelial 
or fibroblastic cells. A few of these thrombi appeared 
older than others, being replaced by older fibroblasts 
and collagen. About such vessels a moderate number 
of mononuclear leukocytes with basophilic cyto- 
plasm was present. A number of capillaries showed 
marked proliferation, of endothelium without lu- 
minal masses. 

Seattered caseonodular lesions were present 
throughout both upper lobes of the lung and groups 
of tubercles were present in the apical portions of 
both lower lobes. No vascular changes consistent 
with acroangiothrombosis were found in the pulmo- 
nary tissue either about or away from the sites of the 
tuberculous lesions. Some arterioles of the spleen, 
pancreas and retroperitoneal lymph nodes showed 
the characteristic mural and luminal changes. 
Changes in the adrenal vessels were less marked than 
in the previous case. Many small arteries, arterioles, 
and capillaries of the kidneys showed the mural and 
luminal changes. A few hyaline thrombi were seen 
in the capillary tufts. The parietal epithelial cells of 
Bowman’s capsule were of increased prominence. 


DISCUSSION 


Clinical and Laboratory Findings. The charac- 
teristic listlessness and malaise of this syndrome 


were not as outstanding in the first patient as in 
the second. Central nervous manifestations in 
our patients were less prominent than in many 
of the previously reported cases. The only neu- 
rologic lesion demonstrated involved the left 
third cranial nerve. The frontal headache in the 
first case could have been due to either irido- 
cyclitis or intracranial vascular disease. Hepato- 
splencmegaly was not observed in the first pa- 
tient and was slight in the second. The febrile 
course is characteristic of thrembocytic acro- 
angiothrcmbosis. Purpura was outstanding in 
both patients. The persistence and unusual 
severity of the hematuria in the first case finally 
led to splenectomy as the therapeutic proce- 
dure of last resort. 

The laboratory findings, most complete in 
case 1, were typical: the severe anemia, the 
prolonged bleeding time and normal clotting 
time, the thrombocytopenia, the hyperplastic 
bone marrow, and mild elevation of serum bili- 
rubin. The negative tourniquet test, however, 
in our first case is contrary to the observation 
of this test in the majority of other reported 
cases. 

Clinically, thrombocytiec acroangiothrom- 
bosis is most readily mistaken for idiopathic 
thrombocytopenic purpura. The following fea- 
tures may be more outstanding in thrombocytic 
acroangiothrombosis than in idiopathic throm- 
bocytopenic purpura‘: (1) splenomegaly, (2) 
jaundice, (3) fever, (4) prodromal symptoms 
of weakness, malaise, and joint pains, (5) focal 


Fic. 1. Examples of mural and luminal changes in thrombocytopenic acroangiothrombosis. 

A. Arteriole in the adrenal capsule shows marked changes in its wall and obliteration of most of 
its lumen. Masson stain X 225 

B. Myocardial capillary with small thrombus partially covered by endothelial cells. Hematoxylin 
and eosin X 535 

C. Small artery in myocardium with focal vacuolization of media and some increase in the sub- 
intimal tissue. Hematoxylin and eosin X 535 

D. Branching epicardial vessel with thrombus containing endothelial cells, collagen and reticulin 
fibers interspersed among amorphous material (a) ‘‘fibrinoid’’ changes, (b) at point of branching, and 
loosely aggregated particles, apparently platelets (c). Masson 460 

FE. Small artery with interrupted elastica interna and a lumen distended and occluded by endo- 
thelial and fibroblastic cells, collagen, reticulin and amorphous material. This represents an older, 
and more marked process than that in D. The thrombotic mass is undergoing healing. ‘‘Fibrinoid’”’ 
changes—i.e., the reddish staining with fragmentation of collagen with Masson stain—was present 
in the adjoining tissue. Combined connective tissue stain (elastic, reticulin and collagen) < 535 

F, The elastica interna of the lower arteriole is almost intact while that of the upper arteriole is no 
longer visible. There are some medial changes and moderate subintimal increase in both arterioles. 
This subintimal and luminal material is Schiff-positive and the reticulin fibers are of increased 
distinctness. Orcein-silver stain for elastin and reticulin X 535 
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neurologic signs rather than massive cerebral 
hemorrhages, (6) transient leukemoid blood pic- 
ture, (7) anemia disproportionate to observed 
blood loss, and (8) frequent association with 
sensitivity phenomena. While these findings 
lead one to suspect thrombocytic acroangio- 


thrombosis in a patient with purpura and 
thrombocytopenia, the syndrome cannot be 
positively diagnosed at the present time with- 
out the histologic demonstration of widespread 
thrombosis of the arterioles and capillaries in 
association with changes in the walls of these 
vessels. 

Pathologic Changes. In thrombocytic acro- 
angiothrombosis, there are changes in vessel 
walls as well as thromboses within the vessels. 
Some writers have thought that the thromboses 
were the initial lesions, but Altschule® and 
later Trobough® suggested the primary defect 
to be in the vessel wall at the arteriolocapillary 
junction. Gore’s'® reconstruction of the develop- 
ment of the thrombotic lesions confirms these 
observations and concurs with the findings in 
our two cases. Apparently there is an initial 
accumulation of vacuoles of unidentified con- 
tent and granular, hyaline material in the ar- 
teriolar or capillary wall. The granular ma- 
terial, which stains red with the leukofuchsin, 
accumulates predominantly within the intima 
and above the elastica interna. The latter be- 
comes fragmented and may disappear. With 
the continued accumulation of material, it may 
rupture externally, causing hemorrhage into 
the surrounding tissues. It also extrudes in- 
traluminally where the material is rapidly 
covered by aggregates of platelets and then by 
endothelial and fibroblastic cells. The thrombus 
may propagate along the length of the vessel, 
which is usually quite distorted and which may 
present focal aneurysmal dilations."' Perivas- 
cular leukocytic response is mild. There is mild 
“fibrinoid”’ alteration in portions of the vessel 
wall and in the perivascular connective tissue. 

The older elongated fibroblasts and the col- 
lagen fibrils in some of the thrombotic lesions 
suggest that the lesions are of different ages, 
but there is no conclusive evidence that they 
occur in “ecrops.”’ The granular mural material 
and intraluminal mass is red in color with 
periodic leukofuchsin (Schiff) stain, orange-red 


with phosphotungstic acid, red with Giem.a 
and with hematoxylin and eosin, and red ‘9 
green with Masson stain. Fat stains indicate 
that it has no lipid content. It is obvious th it 
the exact nature of the material cannot be  e- 
termined by these staining procedures. May 
vessels showed changes in the wall without ; ¢- 
companying thrombi and many of tue 
“thrombi” in our two cases actually consist .d 
of this mural substance. Unmistakable grov:)s 
of platelets and even a few leukocytes aid 
erythrocytes were sometimes incorporated in 
and about these masses, however. Healing : p- 
parently occurs by the deposition of collagen 
and reticulin about fibroblastic and endothelial 
cells in the thrombus. 

Pathogenesis. It is evident that definition of 
predisposing and inciting causes of thromho- 
cytic acroangiothrombosis is entirely specuia- 
tive. Primarily because of the lack of clinical 
recognition of this syndrome, complete studies 
in an effort to demonstrate an infectious etio- 
logic agent have not yet been made. Explora- 
tion of relationships and similarities to other 
diseases gives some clues, of perhaps dubious 
value, to the underlying cause of the syndrome. 

In common with many diseases, especially 
those of the vascular system such as poly- 
arteritis nodosa, temporal arteritis, thrombo- 
angiitis obliterans, idiopathic migratory throm- 
bophlebitis and even arteriolosclerosis, this 
syndrome represents an entity established by a 
combination of clinical and pathologic findings. 
Only severe and fatal cases have been recog- 
nized and recorded in the literature, and many 
less severe cases may remain unrecognized. Its 
relation to other syndromes of unknown etiol- 
ogy and uncertain pathogenesis remains ob- 
scure. For example, an atypical case of dis- 
seminated lupus erythematosus may present 
many of the features of thrombocytic acro- 
angiothrombosis such as splenomegaly, :e- 
mia, thrombocytopenia, purpura, hematuria, 
arthralgia, and even arteriolar and capillary 
thromboses. 

Purpura is generally classified by the pres 
ence or absence of an inciting agent and 
thrombocytopenia. Apparently the arterio 
capillary junction is the site of vascular r 
ture both in nonthrombocytopenic purpura a 
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in he thrombocytopenic form. This site of vas- 
culur rupture was shown by Humble” to be 
corumon to a wide variety of purpuric condi- 
tiois. The arteriolocapillary junction is, also, 
the predominant site of vascular damage in 
acl oangiothrombosis,’ suggesting a relationship 
bei ween this disease and other purpuras. How- 
ever, no mural damage or thrombi have been 
observed in cases of either secondary or pri- 
mary thrombocytopenic purpura by Nickerson 
and Sunderland® or by us in a review of autop- 
sies of patients with thrombocytopenic pur- 
pura. 

‘The cause for the reduction in platelets in 
idiopathic thrombocytopenic purpura is not 
conclusively established. The relative rates of 
intravascular accumulation and lysis of platelets 
are proposed by Gore!” as factors determining 
the presence or absence of the platelet thrombi 
in acroangiothrombosis. It is conceivable that 
the thrombocytopenia in both syndromes may 
arise from the same mechanism, and the ab- 
sence of vascular thrombi in thrombocytopenic 
purpura may be due to preponderance of fac- 
tors favoring lysis of platelets. The thrombo- 
cytopenia of thrombocytic acroangiothrombosis 
has been attributed to exhaustion of circulating 
platelets by the formation of platelet thrombi. 
Recent indications that the thrombi are com- 
posed largely of material other than platelets 
may require revision of this concept. 

Hyaline thrombi occur in the arterioles and 
capillaries in many different diseases, for ex- 
ample, arteriolosclerosus with uremia, septi- 
cemia, disseminated lupus erythematosus, and 
sulfonamide reactions. The wide dissemination 
of thrombi in arterioles and capillaries whose 
walls are altered assists in the morphologic dis- 
tinction of thrombocytie acroangiothrombosis 
from these conditions. Among other diseases 
resembling thrombocytie acroangiothrombosis 
are certain rickettsial diseases. Fever, head- 
ache, mental symptoms, prostration, myocar- 
(itis, pulmonary vasculitis, petechial hemor- 
thazes in viscera, and a purpuri¢c rash with 
art-riolar necrosis and thromboses are features 
in common. Morphologic distinctions in epi- 
dernie typhus and Rocky Mountain spotted 
lev-r are based on the prominent. perivascular 
leuoeytic infiltration and endothelial cell dam- 


age without the occurrence of thrombi. Al- 
though in cases of scrub typhus platelet 
thrombi may be found in the eschar, the rash, 
and infrequently in the septal capillaries of the 
lung or the glomerular tuft capillaries of the 
kidney, the predominant involvement of the 
venules and veins, the occurrence of ‘‘typhus 
nodules” in the brain, and certain ‘‘allergic”’ 
responses such as fibrinoid necrosis of collagen, 
necrosis of lymph nodes and spleen, and a 
characteristic cellular infiltrate serve to differ- 
entiate the two conditions.*: “ Rickettsia may 
be demonstrated in the swollen endothelial cells 
of the altered vessels. 

Toxoplasmosis in the adult may also be simi- 
lar both clinically and pathologically to throm- 
bocytic acroangiothrombosis. The presence of a 
red maculopapular skin eruption and_ the 
absence of focal neurologic signs, thrombocy- 
topenia, and profound anemia assist in the 
clinical differentiation. Although uveitis may 
occur, the ocular lesion is usually chorioretini- 
tis.'5 Toxoplasma may be identified in the cuta- 
neous papules, the cerebrospinal fluid, the 
bronchioles, and the myocardium. Hyaline 
thrombi are not prominent.' 

Although thrombocytic acroangiothrom- 
bosis resembles in several respects diseases of 
rickettsial or other infectious origins, there are, 
also, indications of a possible allergic etiology. 
Little is gained from grouping this syndrome 
as an allergic disease, for “‘allergy”’ or ‘“‘hyper- 
sensitivity” itself is a most nebulous and poorly 
understood body response which has gained a 
false distinction through long uncritical usage. 
The body responds to each disease due to a 
known etiologic agent, including the rickettsial 
diseases, with some component of ‘allergy’ 
and “immunity.” In Ehrich’s case the disease 
seemed to follow the administration of an iodine 
compound. Some reported patients have had a 
history of sensitivity to sulfonamide drugs,® and 
others have had urticaria.’ The importance of 
a reaction to nonspecific protein therapy, con- 
sisting of intramuscular injections of milk, in 
the genesis of our first case is an intriguing con- 
sideration. Such therapy could have aggravated 
milder lesions characterized by iridocyclitis, 
malaise, and arthralgia. The possibility exists 
that certain therapeutic measures and other 
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circumstances may precipitate or aggravate a 
nonspecific body response, resulting in the com- 
plete development of this syndrome. Throm- 
bocytic acroangiothrombosis cannot yet be rel- 


egated to the allergic group of vascular and 
connective tissue responses, at least until there 
has been a careful search for etiologic agents. 


SUMMARY 


Two additional cases of a syndrome charac- 
terized by fever, anemia, hemorrhagic mani- 
festations, central nervous symptoms, and the 
occurrence histologically of thrombotic occlu- 
sions of capillaries are presented. The two cases, 
in general, were analogous to the previously re- 
ported cases with quantitative rather than 
qualitative variation in symptomatology from 
them. The synthesis of clinical and pathologic 
data in these cases comprises a discrete noso- 
logic entity. There are, however, resemblances 
to other processes including thrombocytopenic 
purpura, rickettsial diseases, certain allergic 
phenomena, and the large group of vaguely de- 
fined ‘‘vascular collagen’”’ diseases such as dis- 
seminated lupus erythematosus and _ poly- 
arteritis nodosa. Various clinical and pathologic 
features permit differentiation from such dis- 
eases. The cause of the condition remains ob- 
scure, although similarities with other diseases 
of known etiology, particularly the rickettsial 
group, may give some hint of the nature of the 
inciting agent. Sufficient investigation with re- 
spect to a possible infectious etiology has not 
vet been done to permit exclusion of such causa- 
tion. Until all etiologic possibilities have been 
evaluated, categorization of the entity as a 
manifestation of allergy, as has been previously 
suggested, is not justified. 
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The Anesthetic Management of Patients with 
Heart Disease 


By Roserr D. Dripps, M.D., Anp LeRoy D. VANpDaAm, M.D. 


N THIS era of direct investigation in man 

a number of measurements have been 

made of the hemodynamics of congestive 
heart failure, mitral stenosis, various types of 
congenital heart disease, hypertension and coro- 
nary artery disease. Cerebral, coronary, renal 
and hepatic blood flow have been measured, 
as have cardiac output and venous right auricu- 
lar and pulmonary vascular pressures. Similar 
studies of the circulatory actions of anesthetic 
agents have been begun. Ideally a discussion 
of the anesthetic management of patients with 
heart disease should relate these two groups of 
data. Thus, for example, if a fundamental prop- 
erty of a particular drug were the production of 
pulmonary artery hypertension, this substance 
might be contraindicated when the pressure 
was elevated by disease. Unfortunately, only 
fragmentary analyses have been completed and 
it is not yet possible to be certain on the basis 
of physiologic data that one form of anesthesia 
is the best in a given situation. 

This paper represents primarily the personal 
opinions of the authors. It is not to be regarded 
as 1 review of the literature. The circulatory 
effects of the more commonly used anesthetic 
agents and technics will be briefly outlined. 
Comments on our procedure for evaluation of 
patients will be presented. The management of 
certain groups of patients will be discussed in 
the light of our clinical experience. A final 
section will deal with the cause, prevention, 

F-om the Department of Anesthesiology, Hospital 
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therapy and significance of cardiac arrhythmias 
noted during anesthesia and operation. 


I. ANESTHETIC AGENTS AND TECHNICS 


1. Cyclopropane. This substance is an ex- 
tremely useful anesthetic agent because of its 
potency, smoothness and rapidity of induction 
and emergence, and rapid controllability. Cer- 
tain alterations in the circulation may follow 
its use. These must be understood and evalu- 
ated before cyclopropane can be assigned its 
proper place in anesthesia. The drug may cause 
any or all of the following changes: 

a. A rise in arterial pressure during anes- 
thesia. 

b. Arise in central venous and right auricular 
pressure. 

c. A decreased arteriovenous oxygen differ- 
ence. 

d. A decline in blood pressure below pre- 
operative levels at the conclusion of anesthesia. 
When marked this response has been termed 
“cyclopropane shock.” 

e. Abnormalities of cardiac rate and rhythm. 

The factors responsible for these alterations 
are still not clearly defined. Certain specula- 
tions can be made, however. The first three 
items suggest that the rate of blood flow is 
more rapid under cyclopropane and that blood 
is shifted more promptly from the arterial to 
the venous side of the circulation. Arterio- 
venous shunts may be opened. Redistribution 
of blood may occur so that certain areas no 
longer receive as much of a supply of blood as 
they normally do. The rise in central venous 
pressure may be responsible for the rise in 
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cardiac output which has been reported by 
some workers. This in turn may be responsible 
for the rise in arterial blood pressure. Increase 
in central venous pressure has also been at- 
tributed to partial incompetence of the heart, 
a possibility which deserves further investiga- 
tion. The clinical significance of these altera- 
tions of the circulation to the patient with 
cardiovascular disease is not at once apparent 
unless under exceptional circumstances the in- 
crease in blood pressure or cardiac output were 
such as to overstrain a damaged heart. Clini- 
cally, this must be a most unusual circumstance. 

Postcyclopropane hypotension may pose a 
problem to the individual with low cardiac 
reserve, particularly to the patient with coro- 
nary insufficiency. At least one factor responsi- 
ble for this postanesthetic decline in blood 
pressure is the respiratory acidosis which may 
accompany underventilation with any agent, 
be it cyclopropane, pentothal, curare or any 
other respiratory depressant. This syndrome 
is therefore largely preventable. It involves 
maintenance of adequate respiratory exchange 
during anesthesia. Clinicians have learned to 
minimize this disorder by maintaining a more 
normal respiratory exchange during anesthesia. 

The abnormalities of cardiac rate and rhythm 
are of two types. The first are slow rhythms, 
caused by a downward displacement of the 
pacemaker and probably related to parasym- 
pathetic stimulation and increased vagal tone. 
These slow rhythms are of little clinical im- 
portance. The second are more rapid rhythms 
caused by increased irritability of the myo- 
cardium. There may be ventricular extrasys- 
toles, ventricular tachycardia or, very rarely, 
ventricular fibrillation. 

A great deal of experimental work has been 
reported on the underlying mechanism of this 
increased irritability. The ability of cyclopro- 
pane to produce increased myocardial irritabil- 
ity and abnormalities of rate and rhythm is 
not peculiar to this agent alone but is charac- 
teristic of a large group of hydrocarbons such 
as butane, gasoline, methane, carbon tetra- 
chloride, DDT, xylocaine and many others. 
The action of any one of these substances alone, 
however, is rarely sufficient to produce an evi- 
dent arrhythmia. Apparently a trigger mecha- 
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nism is necessary, the most easily demonstr ible 
of which is that initiated by epinephrine. 

Ventricular tachyeardia and fibrillation can 
be produced by the injection of epinephrine 
into animals or man receiving cyclopro) ane 
anesthesia. If one avoids injecting epineph ine, 
the only other source of epinephrine woul:! be 
endogenous. Presumably epinephrine coul:: be 
mobilized by anoxia, pain, increased ca: bon 
dioxide and so forth. In this way a sufficient 
amount might be liberated to precipitate an 
arrhythmia in the presence of cycloprop:ne. 

We grant that ventricular tachycardia may 
not be uncommon during cyclopropane snes- 
thesia if this drug is used alone. An incidence 
of 10 per cent has been suggested by some. If, 
as is done by most clinicians, ethyl ether is 
added in small amounts, the incidence of ven- 
tricular tachyeardia is significantly reduced. 
Furthermore, clinical experience indicates that 
ventricular tachycardia is relatively rarely fol- 
lowed by ventricular fibrillation on the oper- 
ating table. Many instances of ventricular 
tachycardia are reported in the literature. 
Authentic reports of ventricular fibrillation oc- 
curring during cyclopropane anesthesia are ex- 
tremely rare. Sudden circulatory collapse may 
occur during cyclopropane as with any other 
powerful depressant. Such a catastrophe cannot 
be assumed to be due to ventricular fibrillation 
unless an electrocardiogram were being taken 
at the time or unless the heart were visualized 
directly and seen to be in fibrillation. The 
most common cause for such a calamity is 
overdose of the anesthetic agent. 

We have anesthetized many patients with 
serious cardiac disease with cyclopropane and 
small amounts of ether. It is our belief that the 
opponents of this agent have somewhat exag- 
gerated the possibilities of harm following its 
use and have overlooked the advantages of 
smooth induction, relatively prompt recovery 
and controllability. Many of the circulatory 
alterations which have been discussed caii be 
prevented, minimized or treated successfu'ly. 
The mortality rate following cyclopropan: is 
difficult to assess but in our clinic it does ot 
appear to be excessive. The comparative 1- 
cidence of postoperative circulatory compli 'a- 
tion is even more difficult to define in terms of 
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diffrent anesthetic agents. Again our experi- 
enc: indicates that serious sequelae have been 
no nore frequent with cyclopropane. 

§ nce so many agents and technics are avail- 
abl. to the modern anesthesiologist, it is proba- 
bly wise to avoid use of this agent in the 
pre-ence of thyrotoxicosis or other instances 


in which myocardial irritability is known to be 
increased. 

2. Ethyl Ether. There are many characteris- 
tics Which suggest the use of this anesthetic 
agent for patients with cardiovascular disease. 
There is a wide margin between the concentra- 
tion of the drug required to produce respira- 
tory failure and that required to produce 
circulatory failure. During anesthesia, fluctua- 
tions of blood pressure are much less common 
than with other anesthetics, other things being 
equal. 

A great many misconceptions about ether 
have arisen because of the very safety of the 
agent which permitted individuals of varying 
skill to administer the drug without obvious 
harm to the patient. The unskilled administra- 
tion of ether is followed by increased secretions 
in the respiratory tract, swallowing of ether- 
laden mucus, by anoxia and carbon dioxide 
retention. The latter are particularly likely to 
occur if excessive amounts of gauze are used on 
the mask or if the gauze becomes soaked with 
water vapor during an open drop anesthesia. 
We believe that one of the disadvantages of 
ether is the prolonged period of induction oc- 
casionally required. A hurried induction may 
be accompanied by cough, excessive secretions, 
respiratory obstruction and excitement. These 
sequelae, however, need not invariably occur 
and are less commonly seen when the drug is 
administered by capable personnel. 

The work of Zweifach, Chambers and associ- 
ates suggests that there may be a disintegration 
of the circulation during anesthesia with ether 
when an animal is subjected to hemorrhage. 
Coinpensation appears to be less adequate than 
wit: cyclopropane and a vasodepressor sub- 
staice seems to be liberated. If this work is 
conirmed for man, there may be significant 
clin:eal implications. At the moment, however, 
eth or stands as an exceptionally valuable anes- 
the ie agent. 


3. Nitrous Oxide. This relatively weak anes- 
thetic agent cannot be administered by itself 
for major operations without the deliberate 
production of some degree of anoxia unless the 
patient is in shock or debilitated. The drug 
‘auses little postoperative disturbance of func- 
tion and is therefore of great value when its 
potency is increased by the concomitant use of 
some other central nervous system depressant 
such as an opiate or barbiturate. If muscular 
relaxation is not required for an operation, 
such a combination may be extremely useful 
in that recovery from anesthesia is usually 
prompt and uneventful. 

4. Pentothal. The outstanding advantage of 
this substance for the patient with cardiac 
disability is the smooth induction afforded. 
Excitement is absent and there is relatively 
little strain. If larger doses are used, however, 
and if the anesthetist attempts to obtain a 
deeper plane of anesthesia, tachycardia and 
hypotension are not infrequent. 

It should be recalled that the barbituric 
acid derivatives are not analgesics. They do 
not block sensory pathways as readily as do 
most narcotics, so afferent impulses from the 
operative site can readily reach the cerebral 
cortex. In response to surgical manipulations, 
reflex spasm of the vocal cords with respiratory 
obstructions and anoxia, reflex spasm of ab- 
dominal muscles, or actual movement of the 
patient may occur.* In attempting to prevent 
or treat these reactions the anesthetist may 
believe it necessary to add more and more 
Pentothal until dangerous degrees of depres- 
sion result. To combat this pharmacologic 
weakness, the analgesic action of nitrous oxide ° 
is often used in a complementary fashion, as 
has been described. 

It should be recognized that Pentothal can- 
not produce muscular flaccidity with any de- 
gree of safety. If Pentothal or Pentothal and 
nitrous oxide are selected for operations in 
which muscular relaxation is required, the ad- 
dition of a curare compound is often essential. 
This is not without hazard, although in the 


* We do not believe that Pentothal “sensitizes’’ the 
larynx, but merely fails to depress its normal irrita- 
bility. 
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last few years substances have been developed 
which block conduction at the nerve muscle 
junction without lowering blood pressure. 
Nonetheless, profound degrees of respiratory 
depression in the postoperative period result 
occasionally from any of these substances. In 
our opinion their indiscriminate use will be 
followed by a higher mortality and morbidity. 

5. Spinal Anesthesia. Spinal anesthesia, 
which produces superb muscular relaxation and 
affords ideal working conditions for the surgeon 
during intra-abdominal operations, exerts a pro- 
found effect upon the circulation. Two major 
physiologic alterations occur. There is a de- 
crease in peripheral resistance as the result of 
interruption of vasoconstrictor impulses to ar- 
terioles. There is also a pooling of blood on the 
venous side of the circulation probably second- 
ary to postarteriolar dilatation. As a result of 
either or both of these factors, venous return to 
the heart is diminished and cardiac output 
declines. Undoubtedly coronary blood flow is 
diminished. If the coronary vessels are sclerotic 
and are unable to adjust to this diminution in 
flow, coronary insufficiency may result. 

On the other hand, it should be pointed out 
that during spinal anesthesia the heart is re- 
quired to do less work because of the diminution 
in peripheral resistance and output. Thus, de- 
spite a reduction in coronary artery flow caused 
by the drop in blood pressure, there may be 
adequate oxygenation of the myocardium at 
the lower blood pressure since the heart re- 
quires less oxygen. The supply is less but the 
demand has also been reduced. This point de- 
serves further investigation since, if proved 
correct, it may extend the use of spinal anes- 
thesia. 

6. Regional or Local Anesthesia. Superficially 
it might appear that isolation of a discrete 
area of the body by block of individual nerves 
with local anesthetic agents would disturb the 
general circulation least of all. Pain relief dur- 
ing operation could thus be obtained for the 
seriously ill individual without strain from the 
anesthesia. This stand must be qualified, how- 
ever, for the following reasons. Intra-abdominal 
manipulation during block of the abdominal 
wall may, for example, be attended by a reflex 
decrease in blood pressure and by such un- 


pleasant subjective reactions as pain, navsea. 
retching and dyspnea. The emotional wpset 
involved is significant and supplemental :ep- 
eral anesthesia is often required. If hypoten-ion, 
therefore, has resulted either from traction or 
from absorption of excessive amounts of the 
local anesthetic, one’s purpose in sparing the 
patient has been defeated since one ha: to 
resort in addition to general anesthesia. !%pi- 
nephrine is frequently added to solutions of |vcal 
anesthetic drugs to prolong the action of the 
latter. Epinephrine is a powerful cardiac s'im- 
ulant and the increased amount of cardiac \\ ork 
resulting from its administration may be be- 
yond the capacity of the coronary arterics to 
supply blood. Anginal pain or more serious 
evidences of coronary artery insufficiency may 
result. Such reactions are often erroneously 
interpreted as being due to the anesthetic agent. 
It is our opinion that local anesthesia is useful 
for operations on the extremities and body 
surface. Where less superficial operations are 
involved supplementation with Pentothal and 
nitrous oxide or cyclopropane is indicated to 
minimize hypotension and subjective discom- 
fort. 


II. EVALUATION OF THE PATIENT 

The patient with cardiac disease who is fac- 
ing anesthesia and operation should be evalu- 
ated by three individuals: cardiologist, anes- 
thesiologist and surgeon. 

The cardiologist is best qualified to take 

a complete history, to make an accurate physical 
examination, and to interpret laboratory data 
and the results of special tests of the cardio- 
rascular system. He can establish the patho- 
logic diagnosis and can determine the degree 
of functional disturbance in each patient. He 
ean decide whether the heart is in the best 
possible condition or whether further bed rest, 
the use of diuretics, coronary vasodilating drugs 
or digitalis would improve the patient’s chances 
for a successful surgical convalescence. 

We do not believe that the cardiac consult int 
should suggest the type or method of anesth: sia 
if he is associated with a specialist in this la’ ter 
field of medicine. Few cardiologists accomp: 1'y 
their patients to the operating room, watch «he 
problems of induction and maintenance, rea ize 
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the difficulties posed by the body habitus of the 
patient, or appreciate the requirements of in- 
dividual surgeons. Until they have practical, 
first hand experience with the conduct of anes- 
thesia, it is unwise for them to insist upon a 
particular course. If a cardiologist is asked to 
eva.uate a patient for operation in a hospital 
where technician-anesthetists are employed, it 
is ejually unwise for him to do more than sug- 
yest a plan of management. It is undoubtedly 
safer for the patient to receive that anesthetic 
agent with which the technician is most fa- 
miliar than to have him attempt a theoretically 
safer procedure in which he is less skilled. 

The anesthetist approaches the patient from 
a different standpoint. He must convince the 
patient that he is aware of the problem at 
hand, and is capable of managing it success- 
fully. The apprehension of such patients is 
understandably acute. They must be reas- 
sured. The anesthetist studies the body habi- 
tus. He is concerned over the short, thick 
necked individual who snores readily. During 
the unconsciousness associated with general 
anesthesia such a person will suffer from respira- 
tory obstruction unless carefully observed and 
treated. The obese patient with a large ab- 
domen experiences a reduction of lung volume 
in the supine position as the diaphragm is 
pushed up. In such a patient, furthermore, 
spinal anesthesia may rise rapidly and to ex- 
cessive levels. Previous experience with anes- 
thesia is reviewed, as is previous experience 
with such drugs as morphine, Demerol, scopol- 
j amine. The number of pillows required by the 
patient when sleeping is of interest. It may 
also be advisable for the anesthetist to test in 
advance the patient’s reaction to the position 
required for operation, for the circulatory ab- 
normalities associated with the Trendelenburg 
or laterally flexed positions may be great. 

The surgeon must assess the degree of muscu- 
lar :elaxation required, the estimated length of 
the procedure, the position desired. He must 
consider the necessity of limiting the extent of 
the operation because of the patient’s reduced 
rese: ve. Fluid and electrolyte balance must be 
valiated, together with the hazard of circu- 
lato.y overload during intravenous fluid ther- 
ipy. He must realize and accept the fact that 


the orthopneie patient may fare well in certain 
positions on the operating table. 


III. Speciric Disease ENTITIES 
OR CONDITIONS 


1. Pregnancy with Emphasis on Mitral Steno- 
sis as a Complicating Factor. The circulation is 
considerably altered during pregnancy. At term 
cardiac output is increased by approximately 
25 per cent, plasma volume by about 40 per 
cent. Of even greater interest is the effect of 
labor itself on the circulation. The variations 
in blood pressure are of greater magnitude 
than in any other clinical conditions which we 
have studied by intra-arterial pressure measure- 
ments. Pulse pressure may more than double 
within 10 seconds of the onset of a uterine 
contraction; a rise in systolic pressure of 60 
to 80 mm. Hg is not uncommon. The least 
rise accompanies a uterine contraction which 
is not felt by the patient; a greater rise is 
noted during a contraction which the patient 
recognizes; the greatest hypertension follows 
a combination of uterine contractions and vol- 
untary bearing down. The effect of this in- 
creased stress on the heart has obvious impli- 
cations for the woman with a diminished 
cardiac reserve. 

For two reasons we believe that spinal or 
‘-audal anesthesia may be useful for pregnant 
patients with cardiac disability, particularly if 
vaginal delivery is elected. The administration 
of any type of anesthesia tends to minimize the 
wide swings of blood pressure noted above but 
the smoothest curves have been achieved dur- 
ing spinal anesthesia. Under this method varia- 
tions in blood pressure are reduced to altera- 
tions which cause little concern. This result 
should be the same during caudal anesthesia. 
The second reason involves the type of cardiac 
disease most frequently seen. 

About 90 per cent of pregnant patients with 
cardiac disease have had rheumatic fever. The 
majority of valvular lesions are of the mitral 
valve. For those women who, during pregnancy, 
have experienced episodes of acute pulmonary 
edema often associated with hemoptysis, spinal 
or caudal anesthesia offers significant safe- 
guards. Both methods produce a circulatory 
effect which might be termed a bloodless phle- 
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botomy. Vasomotor fibers to arterioles and 
venules are blocked in increasing numbers as 
the level of anesthesia rises. Venous pressure 
falls and blood is pooled in the periphery. This 
is of advantage to the patient with incipient 
pulmonary edema. Indeed, spinal anesthesia 
has been used in the treatment of pulmonary 
edema because of the circulatory adjustments 
produced. 

The position of the patient is important. 
By definition the orthopneic patient cannot lie 
flat comfortably, and there are patients in 
whom pulmonary edema is precipitated by as- 
sumption of the supine position. It is strange 
how frequently this is overlooked in surgical 
practice. Particularly is this true when general 
anesthesia is administered and the patient can- 
not complain vocally of dyspnea. The semi- 
Fowler position with the head and chest ele- 
vated is essential for individuals with incipient 
heart failure. This is all the more important 
when cardiac weakness is combined with the 
elevated diaphragm and respiratory embarrass- 
ment of a full-term pregnancy. 

For less seriously ill patients, nitrous oxide 
anesthesia together with various types of local 
block affords a useful combination. 

2. Hypertension. Benign essential hyperten- 
sion, almost regardless of the degree of eleva- 
tion of blood pressure, causes relatively little 
concern to the anesthesiologist. If symptom 
free and particularly if the hypertension has 
persisted for years, these patients go through 
anesthesia and operation exceedingly well. It 
is only when the elevated blood pressure is 
associated with obvious damage to the heart, 
kidneys or cerebral circulation that such pa- 
tients cause concern. Even under these cir- 
cumstances it is surprising how well such 
patients withstand the stress of operation. Ex- 
tensive sympathectomy and/or adrenalectomy 
have recently offered the anesthesiologist the 
opportunity of anesthetizing many seriously 
ill patients whose hypertension is complicated 
in a variety of ways. This experience has 
strengthened the belief that patients whose 
physical examination and laboratory data are 
discouraging indeed, may nevertheless pass 
through surgical procedures successfully. 
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Our original approach to patients whose hy - 
pertension was complicated by cardiac, cer 
bral or renal damage was based more on log 
than on experimental evidence. It appear: 
reasonable to assume that if the hypertensi: 
individual’s chief problem was that of previc 
congestive failure, one was justified in perm 
ting mean arterial pressure to decline somewh 
during anesthesia and operation rather than 5 
attempt to maintain it at preoperative lev: s 
by excessive intravenous fluid therapy or uw « 
of vasopressor substances, both of which migi t 
overtax the weakened myocardium. If, on the 
other hand, the patient’s history suggested tht 
the primary weakness was in cerebral or rena] 
tissues, an effort was made to maintain an ade- 
quate blood pressure during operation, even if 
this involved a constant infusion of such a drug 
as, Neosynephrin, norepinephrine or the like. 
General anesthesia was used for all patients. 
Efforts were made to avoid excitement during 
the induction of anesthesia, although it was 
interesting that when arterial pressure measure- 
ments were made continuously even during 
relatively strenuous bouts of excitement, systol- 
ic blood pressures rarely rose more than 30 
mm. Hg. Induction with sodium thiopental was 
not infrequently used in an attempt to put 
the patient to sleep as quietly as possible. 
Maintenance was then carried on, usually with 
ethyl ether. As long as the patient continued 
to be warm and dry, parenteral fluid therapy 
with glucose in water (rather than saline) or 
whole blood was continued cautiously. If the 
skin became cold, clammy or dusky, with pe- 
ripheral vasoconstriction evident, the rate of 
infusion was increased significantly and a pres- 
sor drug whose primary action was central 
rather than peripheral was employed, for ex- 
ample, ephedrine. It has seemed logical to be- 
lieve that if reflex peripheral constriction in 
response to hypotension were already maximal 
there was little indication for a drug whose 
primary site of action was peripheral. Perhaps 
this was fallacious. 

The most recent change in attitude towar ls 
the anesthetic management of patients wih 
hypertension (and actually other patients \s 
well) is the concept of deliberately produc d 
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an controlled hypotension. Though still un- 
vet'led, the arguments involved are of great 
interest. to internists. 

JDuring the past several decades various in- 
div duals have suggested that a decrease in the 
blood pressure of a patient undergoing an oper- 
ation May not be hazardous, but may even be 
use ul, particularly from the viewpoint of mini- 
mizing blood loss and decreasing thereby the 
operative time. For example, neurosurgeons 
were not averse to permitting a decline in 
blood pressure during difficult craniotomies in 
order to obtain hemostasis. 

ltecently a number of workers have reopened 
the question. Gillies, in Scotland, has adminis- 
tered spinal anesthesia, avoiding the prophy- 
laclie injection of a pressor drug, and has 
attempted to produce a relatively bloodless op- 
erating field by a deliberate reduction in blood 
pressure. The metabolism of the patient is 
lowered by a minimal degree of general anes- 
thesia. Oxygen is administered in concentra- 
tions above that in room air, and the patient 
is placed in such a position as to pool blood in 
the lower extremities. Goffen and colleagues, 
in this country, have used epidural anesthesia 
for the same purpose, as part of the anesthetic 
management of patients undergoing a fenestra- 
tion. Gardner, Hale and others have developed 
a technie of controlled arterial bleeding, with 
provision for immediate reinfusion of the blood 
decreasing the hazard of the procedure. Drugs 
which depress the circulation directly have also 
been administered purposely during operation, 
hexamethonium bromide being the drug used 
most often. 


(‘nder what circumstances is such an ap- 
proach justified? As already pointed out, one 
tends to worry much less about hypotension if 
the patient’s skin is warm, dry and of good 
color, if the pulse is full, of reasonable rate and 
if ‘here is a reasonable pulse pressure. If the 
patient is conscious, the presence of mental 


acuity, the absence of restlessness, anxiety, air 
huiger, chest or arm pain taken together sug- 
gest adequate cerebral and coronary blood flow. 
These functions are more difficult to evaluate 
in the unconscious patient. One can readily 
adnit to having observed patients whose ab- 


solute level of blood pressure has been as low 
as 70 mm. Hg systolic but who have appeared 
to be otherwise in good condition. One must 
also admit, however, that other patients with 
similar levels of blood pressure have experi- 
enced lesions of the brain, heart, liver or kidneys 
due either to an inadequate flow of blood 
through patent vessels, or to an actual occlu- 
sion of vessels by thrombosis or spasm. It is 
perhaps difficult to prove that the low blood 
pressure caused the complications, but the bur- 
den of proof is on those who deny the likeli- 
hood. 

All of the factors which determine whether 
the body can tolerate hypotension are not 
known, but the following must be of signifi- 
cance: 

a. The duration of the hypotension. 

b. The degree of the hypotension. 

c. The previous condition of blood vessels, 
particularly those supplying the heart, brain, 
kidneys and liver. If these vessels are sclerotic 
or otherwise abnormal, changes in their caliber 
in response to hypotension may not occur as 
readily as with normal vessels, and an in- 
sufficiency of blood may result. 

d. The metabolic needs of the tissues during 
hypotension, again with particular emphasis 
on the heart and brain. The lower the metabo- 
lism, the greater the reduction in supply of 
blood which can be tolerated. Thus, the cellular 
depression associated with general anesthesia 
may be a relative safeguard during periods of 
low blood pressure, since the tissue require- 
ments are presumably lowered at the same time. 
Likewise, if the hypotension be produced by 
spinal anesthesia, the heart may be better pro- 
tected than one might imagine at first glance, 
because it is being called on to do less work 
against the lessened peripheral resistance. The 
coronary blood supply may be curtailed, but 
so may the demand for this blood. 

e. The liberation of specific depressant sub- 
stances from ischemic tissues. Shorr’s demon- 
stration that a vasodepressor material may be 
formed in the liver of shocked animals, or a 
liver subjected to poor blood flow, has wide- 
spread implications. This may only be the first 
of a group of toxic products so formed, the 
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impact of which on the body as a whole may be 
serious. 

The successful use of deliberately produced 
arterial hypotension will depend entirely on 
whether tissue nutrition to the heart, brain and 
liver can be maintained during the period of 
low blood pressure. The kidney apparently will 
survive reasonable insults. The clinician elec- 
ting this procedure must therefore be able to 
predict which patient will tolerate it. Most 
investigators will agree that young, healthy 
subjects will withstand reduced blood pressure 
satisfactorily. Most will agree that aged, scle- 
rotic subjects with previous histories of coro- 
nary, cerebral or renal insufficiency will consti- 
tute poor candidates. Who, however, can safely 
select the patient midway between these two 
extremes? 

3. Coronary Artery Disease. There is no single 
satisfactory approach to the anesthetic man- 
agement of the patient with coronary artery 
disease, particularly if an intra-abdominal oper- 
ation is planned. The following suggestions are 
recommended: 

a. Assurance through personal contact that 
the anesthetist is aware of the patient’s par- 
ticular problem. This relieves a great source of 
anxiety on the part of the patient who fre- 
quently worries lest those concerned with his 
care be not completely familiar with his cardiac 
disability. 

b. Adequate sedation prior to operation. The 
mental stress of a trip to the operating room 
is understandable and attacks of angina pec- 
toris or coronary insufficiency may be pre- 
cipitated by such an emotional crisis if proper 
sedation has not been achieved. 

c. Smooth induction of anesthesia. A stormy 
induction with the likelihood of struggling, re- 
spiratory obstruction, anoxia, and retention of 
carbon dioxide is hazardous for a heart whose 
blood supply is marginal. Since this blood sup- 
ply in all probability cannot be increased in 
the normal fashion by coronary artery dilation, 
further demand for blood secondary to in- 
creased cardiac work should be avoided. 

d. Maintenance of blood pressure. A reduc- 
tion in mean arterial pressure will reduce the 
amount of blood flowing through the coronary 
arteries. Although, during hypotension, cardiac 


work may be reduced, since the heart. wil! be 
opposing less peripheral resistance, one cai not 
be certain that the demand for nutrients ill 
be sufficiently lowered to be satisfied by the 
decreased supply. 

e. Administration of oxygen. The value of 
this is self-evident. 

Regional anesthesia is thought by som» to 
be the safest form of pain relief for these pa- 
tients. If an intra-abdominal operatio: js 
planned, we prefer general anesthesia with (her 
or cyclopropane to unsupplemented regional 
anesthesia for several reasons. Under local snes. | 
thesia the patient is conscious and aware of 
the sight, sounds and smells of an operating 
room. This is not calculated to provide mental | 
‘alm unless large amounts of sedatives are 
provided. Furthermore, despite satisfactory 
anesthesia of the abdominal wall, intra-abdomi- 
nal manipulations are often accompanied by 
severe pain, nausea, vomiting, dyspnea and a 


lowered blood pressure. These signs and symp- 
toms are the result of traction reflexes and are 
noted as intraperitoneal structures are placed 
under tension with grasping forceps or retrac- 


tors. The sequence of events is poorly under- 
stood, although the fall in blood pressure has 
been ascribed to a reflex constriction of the 
portal venous system with diminished venous 
return to the heart and a lowered cardiac out- 
put. The pain, frequently substernal, and the 
subjective feeling of shortness of breath have 
been attributed to a reflex reduction in coronary 
blood flow, although evidence on this point is 
not conclusive. 

If there is virtue in urging the patient with 
coronary artery disease to live quietly, avoid 
stress and strain, and adjust his ways to a 
‘almer existence, it seems unwise to subject 
this same individual to the mental and physical 
upset. occasioned by an operation performed 
under local anesthesia, when a properly ad- 
ministered general anesthetic can abolish the 
mental disquiet and minimize the untoward 
effect of intra-abdominal traction. 

4. Congestive Heart Failure. In our expericnee 
surgical emergencies have been rare in paticnts 
during acute episodes of congestive heart ‘ail- 
ure. Regional anesthesia has been employe: it 
the few instances requiring immediate op:ra- 
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tive intervention. The patient has been kept 
with the head and thorax elevated. If oxygen 
therapy has been required prior to operation, 
this is continued during the surgical procedure. 
Nc parenteral fluid therapy is given. Venous 
to.rniquets and a slow intravenous drip of 
thcophylline ethylenediamine may be indicated 
in the presence of impending or actual pul- 
monary edema. Theoretically, the hemody- 
nainic effect of spinal anesthesia suggests this 
method of pain relief in such patients. We have 
administered spinal anesthesia to patients with 
acute pulmonary edema as the result of sudden 
overloading of the circulation with intravenous 
fluid therapy. The results have been difficult 
io evaluate, however. If an elevated central 
venous pressure is needed to maintain cardiac 
output in certain patients, this reasoning may 
he incorrect. 

5. Congenital Heart Disease. Because of the 
increase in the number of congenital abnormali- 
ties being studied by surgeons, a discussion of 
all of the problems involved in these patients 
would be too lengthy for this paper. Suffice it 
to say that most patients with a patent ductus 
arteriosus, tetralogy of Fallot, or coarctation of 
the aorta withstand anesthesia and operation 
exceptionally well. Since many of the surgical 
approaches to these diseases involve direct ma- 
nipulations of the heart, we shall present some 
discussion of the utility of cardiac depressant 
drugs in the next section. 


IV. Carprac ARRHYTHMIAS DURING 
ANESTHESIA AND OPERATION 


Disorders of cardiac rate or rhythm are not 
infrequent in the anesthetized patient. There 
are certain circumstances under which one an- 
ticipates such abnormalities. Direct laryngos- 
copy and the introduction of a tube into the 
trachea is almost always followed by a rise in 
blood pressure and tachycardia. These changes 
may be marked if the depth of anesthesia is 
miiimal. Manipulations near the hilum of the 
lung, stripping of an adherent pericardium, 
direet approaches to the heart chambers may 
all be accompanied by gross irregularities. Oc- 
casionally arrhythmias appear to occur ‘‘spon- 
taneously.” 

Some of the mechanisms responsible for such 


occurrences have been considered in the see- 
tion on cyclopropane. Those incident to in- 
creased vagal activity (occasionally sufficient 
to cause cardiac standstill) are best treated 
by atropine administered in large doses intra- 
venously. As a rule their clinical importance is 
less than disorders indicative of increased myo- 
cardial irritability. Under these conditions the 
anesthetic agent itself appears to have set the 
stage. The trigger may take the form of 
increased circulating epinephrine following di- 
rect injection, surgical manipulation or because 
of carbon dioxide accumulation or anoxia. Ee- 
topic foci appear and gross disorders of rhythm 
result. 

The prevention of these arrhythmias is based 
logically on the preceding information. Direct 
laryngoscopy and intubation of the trachea 
should be carried out under reasonably deep 
planes of anesthesia. Circulatory alterations 
are minimized under these conditions. Ade- 
quate ventilation throughout the period of in- 
duction and maintenance is essential. Not only 
must the hemoglobin be well oxygenated and 
the patient be of good color but the more in- 
sidious and the more difficult to recognize ac- 
cumulation of carbon dioxide must be pre- 
vented. Recent work indicates that respiratory 
acidosis may be the common accompaniment 
of anesthesia for major operative procedures, 
both in the abdomen and in the chest. Since 
ventricular rhythms are increased in incidence 
and severity in the presence of carbon dioxide 
accumulation, prevention of this physiologic 
abnormality is the obvious answer. The in- 
jection of all sympathomimetic amines should 
be prohibited unless absolutely essential. If’ 
the need is great, neosynephrine or methox- 
amine should be used. These are not associated 
with the production of ventricular arrhythmias. 

One then comes to a discussion of the use of 
drugs specifically designed to depress cardiac 
irritability by a direct action on the heart or 
intended to minimize cardiac abnormalities by 
blocking sympathetic inflow to the heart. The 
group of cardiac depressants most commonly 


used includes three substances: quinidine, pro- 
caine and procaine amide. All three of these 
can be given intravenously and two, quinidine 
and procaine amide, can be given by mouth. 
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Their pharmacologic action is intricate and 
complex. 

As a generality, it is safe to say that the 
beneficial results following the action of any of 
these drugs depend upon a general cardiac 
depression. In this very action, of course, lies 
the possibility of harm. All three drugs can 
cause serious degrees of hypotension. All can 
produce flabby, dilated hearts if the dose is 
excessive and all can produce ectopic foci in 
the ventricles, the most severe and serious 
manifestation of which is ventricular fibrilla- 
tion. They are undoubtedly of real use clinically 
but the dosage needed to provide protection 
and to avoid any of the toxic reactions is difficult 
to predict in advance. A great deal remains to 
be learned about their ultimate role. 

The substances which block out or reduce 
the effect of sympathetic activity on the heart 
include ethyl ether and Dibenamine. As already 
indicated ether is almost always given with 
cyclopropane, small amounts of the former 
serving to produce the type of “functional de- 
cerebration” which appears to cut the heart 
off from impulses arising from the sympathetic 
center in the hypothalamus. Both ether and 
Dibenamine can be shown to reduce the in- 
cidence and severity of ventricular rhythms 
arising as a result of cyclopropane anesthesia. 
How useful they may be in minimizing other 
disorders of rhythm is less certain. 

To illustrate the way in which an anes- 
thesiologist faces the problem of arrhythmia, 
one. can outline the regime employed when a 
multifocal ventricular tachycardia develops 
during anesthesia. Since these rhythms are more 
likely to occur under deep anesthesia, the anes- 
thetic concentration is reduced. Since they may 
result from inadequate ventilation, every at- 
tempt is made to insure adequate oxygenation 
and removal of carbon dioxide. If ether had 
not been added, a small amount is. usually 
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administered. If none of these measures is suc 
cessful, one of the cardiac depressant substance 
may be injected intravenously. Either quinidin 
lactate, procaine hydrochloride or procaine am 
ide may be administered in doses of from 5¢: 
to 100 mg. per injection. Such an injectio: 
may be repeated several times. In the majorit 

of instances these measures suffice. Less com 
monly, ventricular tachycardia may continu 

only to stop abruptly for no apparent reasoi 

Clinical experience indicates that the great ma 
jority of such patients show no abnormalit, 
during anesthesia, operation or the postopera 
tive period which indicates that their circula 
tory system had been seriously taxed. On 
dislikes seeing such abnormalities of rate and 
rhythm but one learns to live with them, in « 
sense, in the belief that ultimate damage wil! 
be minimal. 

It is unfortunate that anesthesiologists do 
not know more about cardiology and that car- 
diologists do not have time to spend in the 
operating room. A great deal could be learned 
about cardiac arrhythmias, their mechanisms, 
significance, prevention and treatment if these 
two groups of medical specialists were to pool 
their information. 


V. CONCLUSION 

Teamwork between cardiologists, surgeons 
and anesthesiologists has increased the likeli- 
hood of survival of patients whose surgical 
disease is complicated by decreased cardiac 
reserve. fields should be further 
explored if the reduction in mortality and mor- 
bidity is to continue. More must be learned of 


Two main 


the basic actions of anesthetic agents and tech- 
nies on the circulation of man. Greater efforts 
should be made to collect and analyze data on 
the actual course of patients with heart disease 
anesthetized in different ways and subjected 
to different operations. 
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American Heart Association Heart Models 
in Health and Disease 


Move. 5. Marked Mitral Stenosis 


NEW series of latex rubber models of 

normal and abnormal hearts have been 

prepared for the American Heart As- 
sociation by Abram Belskie, the noted medical 
sculptor. The present set consists of 10 different 
models. 

To the beginner in cardiac roentgenology, 
there is a bewildering difference between the 
configuration and relative positions of the heart 
chambers before and after removal of the heart 
from the body. To help obviate this difficulty 
it was thought worthwhile to construct in per- 
manent form this series of life-size hearts, nor- 
mal and diseased. These real models have the 
outlines of the main coronary blood vessels 
and the reflections of the pericardium shown 
ou the surface. Each model can be fitted into a 
hase which is a model of the diaphragm in a 
sthenie individual. A number appearing on each 
model identifies it. 

These models are delivered in the natural 
color of latex rubber. They may be painted in 
a number of ways. The color plate shows model 
5 (marked mitral stenosis), which has been 
painted with fluorescent pigments; the photo- 


graphs were taken under ultraviolet light. This 
type of paint may be obtained from: 

J. Everett Nestell, 71 Murray Street, New 

York City 
Sweitzer Brothers, Cleveland, Ohio 
Stroblite Company, 35 West 52 Street, New 
York City 

The models may be painted with any type 
of paint or water color which will adhere to a 
rubber base. 

These models may be obtained from the 
American Heart Association, 1775 Broadway, 
New York 19, New York. The price of a com- 
plete set of ten models with one diaphragm 
base is $150.00. Single models with a diaphragm 
base cost $22.50 and single models without the 
diaphragm base are $16.50. The models are 
delivered in the natural color of latex rubber. 
Packing and shipping costs are extra. 


COMMITTEE: 
J. Scorr Burrerwortu, M.D., CHAIRMAN 
Cuarues A. R. Connor, M.D. 
Dickinson W. Ricuarps, Jr., M.D. 
Henry K. Taytor, M.D. 


Circulation, Volume V, June 1952 
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Move. 1. Average normal heart. The appearance 
of the cardiae shadow is influenced by the position it 
occupies in relation to the diaphragm. Between the 
extremes of the horizontal (Model 2) and vertical 
(Model 3) shaped hearts is the oblique shape seen in 


the sthenie (average) individual. The correct. posi- 
tions of the esophagus and trachea are shown. The 
convexity of the right heart berder is formed by the 
right auricle below and the ascending aorta above. 
The apex of the heart is formed entirely by the left 
ventricle and the convexities on the left border are 
formed by the aortic knob, the pulmonary artery and 
the left ventricle from above downward. 


Move 3. Vertical type of heart (model painted in 
this photograph). The longitudinal axis in this type 
of heart closely approaches a vertical position. It is 
seen in thin persons with a long, narrow chest—the 
asthenic habitus. The transverse diameters of the 
heart and the vascular pedicle are both reduced. The 
diaphragm is low in position and the convexity of all 
contours in all views is only slightly prominent. The 
contour of the pulmonary artery forms a large part of 
the left border below the aortic knob. The arch of the 
aorta appears short in the left anterior oblique view 
and is curved on a small radius. 
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MopE. 2. Transverse type of heart (model painted 
in this photograph). The axis in this type of heart is 
approximately at right angles to the great vessels, 
producing what is known as a ‘‘transverse heart.’’ 
The individual is usually thick-chested, short, obese 
(hypersthenic), with the heart lying horizontally on 
a high diaphragm and the apex extending well to the 
left. The transverse diameters of heart and vascular 
pedicle are increased. 


Move 4. Moderate mitral stenosis. In the anterior 
view there is a straightening of the left heart border, 
owing to prominence of the pulmonary artery. There 
is a moderate degree of dilatation of the pulmonat 
artery. In the right anterior oblique view, definit 
enlargement of the left auricle is observed. The retro 
cardiac space is diminished, especially in its upper 
and middle thirds, and the esophagus is slightly dis 
placed to the right. There is no elevation of the mai 
bronchus in the left anterior oblique view. 
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Mopet 5. Marked mitral stenosis (see color plate). 
The left auricular enlargement has progressed fur- 
(her, causing convexity on the midportion of the left 
heart border by the dilated pulmonary artery. In the 
anterior view the left auricle can be seen on the right 
border of the heart, projecting above and behind the 
right auricle. The enlargement of the left auricle has 
largely obliterated the upper two-thirds of the retro- 
cardiac space in the right anterior oblique view and 
has displaced the esophagus posteriorly. The angle of 
bifureation of the trachea and its left main branch is 
elevated, which is best seen in the left anterior ob- 
lique view. There is moderate dilatation and promi- 
nence of the right ventricle and right auricle. 


Move 7. Aneurysm of the ascending aorta and 
uortic insufficiency. In the anterior view the aneurysm 
cin be seen on the ascending limb of the aorta. Since 
there is insufficiency of the aortic valve, there is also 
enlargement of the left ventricle. The aneurysm pro- 
jects to the right beyond the right margin of the 
superior vena cava, which it displaces posteriorly 
and to the right. The aortie knob is blunt, presenting 
« marked convexity on the upper left border of the 
vascular pedicle. The trachea and esophagus are 
Cisplaced posteriorly and the latter is compressed 
igainst the vertebral column. 
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»” Move 6. Mitral stenosis and aortic insufficiency. 
In addition to the findings of mitral stenosis as de- 
scribed above in Model 5, there is also, in this case, 
marked left ventricular enlargement, due to the 
presence of aortic insufficiency. This combination 
often results in an extremely large heart. In the left 
anterior oblique view it will be seen that the lower 
third of the retrocardiac space is largely obliterated 
by the enlargement of the left ventricle. 


Move 8. Cast of the chambers of the heart and great 
vessels. This model was devised primarily to facilitate 
the understanding of angiocardiography. The venae 
cavae, the right heart and the pulmonary artery are 
detachable as a unit. The chambers in this model cor- 
respond to those which would be present in Model 1 
if they could be visualized. 
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Mover 9. Hypertensive heart and tortuous arterio 
sclerotic aorta. This model illustrates the enlargement 
of the left ventricle seen in hypertension, with widen- 
ing and tortuosity of the whole aorta. In the anterior 
view, the ascending limb projects to the right of the 
superior vena cava, while the arch runs obliquely 
posteriorly to the left instead of almost directly 
posteriorly. The aortic knob is accentuated and the 
whole arch takes a wide swing, owing to lengthening 
of the aorta. 


ASSOCIATION 





Move. 10. Cor pulmonale. The nature of the de 
formity of the heart in long-standing lung disease is 
illustrated in this model. The effects are upon the 
right ventricle and pulmonary arterial trunk. In the 
anterior view the pulmonary artery is prominent and 
increased in width; it projects to the left to form ; 
marked convexity on the left heart border. In the 
lateral view the anterior border of the heart presents 
a marked prominence in the region of the pulmonary 
artery. 
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BLOOD COAGULATION 


Stefanini, M.: Autocatalytic Formation of Thrombin 
in Blood Coagulation. Acta med. scandinav. 140: 
290 (Aug.), 1951. 

The process of coagulation of the blood is divided 
into (1) a slow phase during which enough thrombin 
is formed to set the autocatalytic mechanisms in 
motion, and (2) an accelerated phase in which 
thrombin is formed in increasing amounts and at a 
progressively more rapid rate so that fibrinogen is 
massively converted to fibrin. The autocatalysis 
which is set in motion by the thrombin is thought 
to be carried out by the aggregation and lysis of 
platelets by thrombin, with ever increasing activa- 
tion of thromboplastin and finally increased forma- 
tion of thrombin, and the formation of a powerful 
accelerator found in serum through the action of 
thrombin or plasma prothrombin conversion factor 
(PPCF) or other plasma precursors. Prothrombin, 
thromboplastin and calcium react then in the pres- 
ence of serum and platelet accelerator to form 
hrombin in increasingly larger amounts. Finally 
‘nough thrombin is formed to clot enough fibrinogen 
to assure the formation of a solid clot. 

The author believes that in order to prevent this 
‘ain reaction mechanism from excessive extension 
) the thrombus along the vascular tree, there must 
ist a control mechanism. This is considered to 
‘nsist primarily of the adsorption of the thrombin 
. the fibrin clot and its gradual neutralization by 
itural antithrombin as the thrombin is slowly re- 
.ased at the time of retraction of the clot. 
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ueller, J. F., Ratnoff, O., and Heinle, R. W.: Ob- 
servations on the Characteristics of an Unusual 


Circulating Anticoagulant. J. Lab. & Clin. Med 

$8: 254 (Aug.), 1951. 

A case is reported of a patient with subacute bac- 
terial endocarditis whose plasma contained an un- 
usual anticoagulant. At 25 C., the clotting time of 
the patient’s blood was greatly prolonged, while at 
37 C. it was usually within normal limits. Small 
amounts of the patient’s whole blood delayed the 
clotting time of normal blood at 25 C. but not at 
37 C. In the absence of the formed elements of the 
blood, the circulating anticoagulant was active at 
both temperatures. It did not inhibit the action of 
thrombin nor did it appear to inactivate either 
fibrinogen or prothrombin. 

The fact that the formed elements of the blood 
were able to counteract the action of the anticoagu- 
lant at 37 C. was explained on the basis that at this 
temperature there was a release of potent thrombo- 
plastic material from such cells as the leukocytes 
and platelets. 

ABRAMSON 


Apul-Haj, S. K., Watson, J., Rinehart, J. F. and 
Page, E. W.: The Thromboplastic Activity of 
Hyaluronate. Science 114: 237 (Aug. 31), 1951. 
Hyaluronate, a mucopolysaccharide, was investi- 

gated with regard to a possible thromboplastie ac- 
tivity. It was found that the material had a greater 
effect on the coagulation time than that produced by 
an equivalent amount of beef lung thromboplastin. 
Similar results were obtained when hyaluronate was 
tested against brain thromboplastin in the one-stage 
prothrombin method. It was further noted that 
calcium was essential for hyaluronate activiy and 
that the rate of prothrombin conversion was con- 
siderably increased by the presence of the accelerator 
factor. 
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The authors conclude that sulfate-free hyaluron- 
ate, as it occurs naturally in the body, perhaps in 
combination with a protein, is an active thrombo- 
plastic agent, this function being related to its 
viscosity. Unlike tissue extracts, its activity is 
destroyed by hyaluronidase or by any physical pro- 
cedure resulting in depolymerization. 

ABRAMSON 


Duff, I. F., Linman, J. W., and Birch, R.: The Ad- 
ministration of Heparin. Surg., Gynec. & Obst. 
93: 343 (Sept.) 1951. 

The authors review the indications and contra- 
indications for the use of heparin and compare the 
reactions to this drug with those obtained with 
dicumarol. 

Heparin should be used with caution, if at all, in 
the presence of threatened abortions, potential 
hemorrhagic diathesis, increased capillary fragility, 
suspected intracranial hemorrhage, and actual or 
potential bleeding from inaccessible ulcerative 
lesions, particularly of the gastrointestinal tract. 
With caution, it may sometimes be employed when 
dicumarol is contraindicated, as for example, in ad- 
vanced age, severe liver disease, congestive heart 
failure, severe alkalosis or acidosis, and in the nursing 
mother. It should also be used in preference to 
dicumarol when adequate laboratory facilities are 
not available for daily prothrombin determinations. 
Furthermore, in the full evaluation of the relative 
worth of the two drugs, it must be considered that 
the incidence of bleeding associated with heparin is 
considerably less than with dicumarol. 

The effect of heparin on the clotting time is 
measured by the simple Lee-White test, and ade- 
quate therapeutic effect being prolongation of the 
time to twice the pretreatment figure. When the 
drug is given intravenously in full strength the test 
can be omitted. However, when depository heparin 
is used, appropriately spaced clotting time determi- 
nations should be done. 

ABRAMSON 


CONGENITAL ANOMALIES 


Soulié, P., Joly, F. Carlotti, J., and Sicot, J.-R.: A 
Comparative Study of the Hemodynamics in Te- 
tralogy and Trilogy of Fallot. (A Study of 43 
Cases). Arch. mal. coeur 44: 577 (July), 1951. 
The clinical symptomatology of Fallot’s trilogy 

(pulmonic stenosis with interatrial septal defect) and 

the classic tetralogy are similar and their distinction 

difficult. In order to establish differential diagnostic 
criteria, the authors studied 22 cases of tetralogy and 

21 cases of trilogy by cardiac catheterization and 

angiocardiography. 

A constant finding in common cases of tetralogy 
is an equal pressure in the right ventricle and in the 
aorta. In the trilogy, the principal and almost 
pathognomonic sign is marked hypertension within 
the right ventricle. with systolic values which may 


ABSTRACTS 






exceed those found in the systemic circulation. Tle 
pressure in the pulmonary artery may be normal ‘n 
the trilogy but is always low in the tetralogy. Tle 
intraventricular shunt in the tetralogy is large ard 
predominantly right to left, and is effected main’ y 
through the intraventricular defect and, less fro- 
quently, over the over-riding aorta. Consequentl ’ 
the systemic output is high, while the pulmona y 
flow is decreased. In the trilogy, a right to left shu t 
occurs in the auricles through the communication ‘a 
the septum and both systemic and pulmonary ficw 
are usually low. The amount of shunted blood 
cyanotic instances of trilogy does not exceed 50 per 
cent of the systemic flow and may decrease on 
exercise in cases without cyanosis. 

In a third of cases with tetralogy and in move 
than half of the trilogies, it was not possible to prove 
the communication between the right and left cavi 
ties by cardiac catheterization. On the other hand, 
the diagnosis of an over-riding aorta depends en- 
tirely on the latter procedure, that is, insertion of 
the catheter into the aortic lumen. The angiocardio- 
graphic signs are not conclusive, since early filling of 
the vessel may also be seen in the presence of an 
interatrial septal defect. 


Pick 


Joly, Fr., Carlotti, J., and Sicot, J. R.: Intraventricu- 
lar Communications (Diagnosis by Catheteriza- 
tion). Clinical and Physiologic Study. Arch. mal. 
coeur 44: 602 (July), 1951. 

The authors studied 21 cases with intraventricular 
septal defect, all proved by cardiac catheterization 
and two by autopsy. The subjects were divided into 
three groups according to clinical, roentgenologic 
and electrocardiographie findings. The first group, 
with the typical murmur, a heart of normal size and 
without axis deviation in the electrocardiogram, was 
considered to represent the classical Roger’s disease. 
In a second group, the murmur was found some- 
times at a higher level than usual or was absent. The 
heart was enlarged with expansive pulsations of the 
pulmonary arterial tree and the electrocardiogram 
showed right axis deviation or right bundle branch 
block. The authors termed these cases intraventricu- 
lar communications with dilatation of the pulmonary 
artery. The third group, roentgenologically similar 
to the second, but with the acoustic phenomena 
similar to that of patent ductus arteriosus and with 
an electrocardiogram of “combined heart strain,” 
was considered to be complicated by aortic regurgit:- 
tion. Angiocardiography revealed delayed opacific: - 
tion of the aorta in all three groups. With cardi: 
catheterization, the pulmonary pressure was four | 
normal in Roger’s type and was elevated in the tv 
other groups. A large left to right shunt could | 
demonstrated in most cases, and represented 25 ‘) 
50 per cent of the total pulmonary flow. The p:- 
ripheral arterial saturation, as evidence of right ‘> 
left shunt, was only slightly decreased even in “ol¢ ’ 
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eases and in cases with signs of marked increase in 
esistance of the pulmonary circulation. 

The authors emphasize the difficulties in differ- 
‘ntiating some cases of intraventricular septal defect 
rom other types of congenital malformation with 
imilar symptomatology. Laminar flow and incom- 
jlete mixture of the blood, shunted from a left to a 
ight cavity, may obscure the actual localization of 
he intracardiac communication. Thus, an intra- 
‘entricular septal defect, associated with an enlarged 
yulmonary artery, may easily be mistaken for an 
‘ntra-atrial septal defect; a patent ductus arteriosus 
or for Eisenmenger’s complex without cyanosis. 

Pick 


Emery, J. L., and Illingworth, R. S.: Congenital 
Mitral Stenosis. Arch. Dis. Childhood 26: 304 
(Aug.), 1951. 

Two cases of congenital mitral stenosis in infants 

3 and 14 years of age are presented by the authors. 

One was treated for four months as a right basal 

pleural effusion and had no cardiac murmurs at any 

stage. The clinical diagnosis was then changed to one 
of congestive heart failure of unknown etiology. The 
second presented bronchopneumonia  superim- 
posed on congestive heart failure and the character- 
istic murmur was found. Death in each case was due 
to congestive heart failure. The lesions in the heart 
appeared to be congenital in origin and due to ab- 
normal development after the cavities of the heart 
had: been fully formed. No evidence of fetal endo- 
carditis or of a rheumatic process could be found. 
BERNSTEIN 


Adams, F. H., and Cunningham, S. C.: Fragility of 
Red Blood Cells from Newborn Infants and Chil- 
dren with Cyanotic Congenital Heart Disease. 
Pediat. 39: 180 (Aug.), 1951. 

Using the spectrophotometric technic, the authors 
studied the red blood cell fragility in newborn 
infants and in children with cyanotic congenital heart 
disease. The arterial oxygen saturations of the 
children with congenital heart disease ranged from 
15 to 75 per cent. The blood from the majority of the 
subjects with congenital heart disease had a slightly 
greater fragility than the normal controls. The 
erythrocytes from the cyanotic patients were oxy- 
genated but the fragility of the cells was still greater 
than the normal controls. Cord blood from the new- 
horn was tested in a similar manner. An occasional 
specimen showed a slight increase in fragility. A 
marked spontaneous hemolysis of oxalated fetal 
blood was not observed by the au thors. 

MARGOLIES 


Fahn, R. C., Edwards, J. W., and DuShane, J. W.: 
Coarctation of the Aorta as a Cause of Death in 
Early Infancy. Pediatrics 8: 192 (Aug.), 1951. 
The authors report on three cases of coarctation of 

tie aorta in infancy at the level of the closed or 


closing ductus arteriosus. All three died of left ven- 
tricular failure which was probably secondary to the 
obstructive hypertension. At autopsy it was found 
that the collateral channels were poorly developed. 
It is pointed out that the development of collateral 
channels depends on the relation of the coarctation 
to the opening of the ductus arteriosus. The left 
ventricular output supplies the great vessels arising 
from the aortic arch in the normal fetus. The right 
ventricle, through the ductus arteriosus, supplies the 
major portion of the blood in the descending aorta. 
However, when there is a coarctation below the 
aortic mouth of the ductus arteriosus, both the left 
and right ventricles supply blood to the aorta proxi- 
mal to the coarctation, and blood to the descending 
aorta arrives via collateral channels. If this did not 
take place there would be an insufficient blood supply 
to the placenta and the fetus would probably die 
prior to term. The authors, therefore, conclude that 
in coarctation distal to the ductus arteriosus, col- 
lateral circulation develops during fetal life and in 
such individuals the closure of the ductus after 
birth has no effect on the circulation. However, 
when the coarctation is proximal to the ductus, the 
same type of blood flow distribution takes place as in 
the normal fetus, and a collateral circulation does not 
develop prior to birth. With the coarctation at the 
level of the ductus arteriosus the authors believe that 
the development of collaterals depends on the di- 
rection of blood flow on leaving the ductus. With a 
flow directed proximal to the coarctation, collaterals 
are believed to develop, but when the flow goes into 
the descending aorta, an adequate collateral circu- 
lation does not develop, as in the three reported 
cases. 
MARGOLIES 


Scott, H. W., Jr., Elliot, S. R., II, and Clay, R. C.: 
Blood Volume in Congenital Cyanotic Heart Dis- 
ease: Simultaneous Measurements with Evans 
Blue and Radioactive Phosphorus. Bull. Johns 
Hopkins Hosp. 89: 121 (Aug.), 1951. 

With the combined use of the Evans blue dye 
method for measuring plasma volume and the radio- 
active phosphorus method for direct measurement of 
red cell volume or whole blood volume, the authors 
studied 20 patients having congenital cyanotic heart 
disease and five noncyanotic convalescent adults. 
The patients with congenital heart disease had 
polycythemia and cyanosis due to a right to left 
intracardiac shunt with a diminished effective pulmo- 
nary blood flow. Studies revealed that these patients 
had a diminished plasma volume, an increased red 
cell volume and an elevated whole blood volume 
when compared with the noncyanotic group. Meas- 
urements done simultaneously with Evans blue and 
radiophosphorus in the 20 cyanotic patients showed 
the plasma volume to be reduced below normal by 
both the direct and the indirect methods. No studies 
were done on infants with congenital heart disease. 
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However, there was no significant differences be- 
tween the volumes found in the cyanotic children 
and those of the cyanotic adults. The authors believe 
that this study suggests that maximal polycythemia 
and hypervolemia may be attained in midchildhood 
and that no significant alteration in the polycythemia 
pattern occurs after this period. 
MARGOLIES 


Nuboer, J. F.: Double Aortic Arch. J. Thoracic 

Surg. 22: 208 (Aug.), 1951. 

The author describes a case of congenital con- 
striction of the trachea and esophagus, caused by a 
compressing double aortic arch in a male infant. 
From birth the child suffered from a distinct stridor. 
Respiration was easier when he was held erect. 
Filling the esophagus with barium revealed a con- 
siderable depression in the posterior wall near the 
third and fourth thoracic vertebrae. The trachea 
was also narrowed at this level. The correct diagnosis 
was then made and the patient was subjected to 
surgery. The ductus Botalli was resected and the 
anterior aortic arch was ligated and divided at the 
point of union with the posterior arch. When these 
steps were carried out, the esophagus and trachea 
were released from their stricture. The postoperative 
course was uneventful and all symptoms disap- 
peared except for a slight stridor. 

ABRAMSON 


CONGESTIVE HEART FAILURE 


Marvel, R. J., and Shullenberger, W. A.: Thrombo- 
embolic Phenomena Associated with Rapid Diu- 
resis in the Treatment of Congestive Heart 
Failure. Am. Heart J. 42: 194 (Aug.), 1951. 

The authors studied 15 cases of congestive heart 
failure and two control cases to determine the effects 
of rapid dehydration on the blood coagulation 
system. The treated group consisted of 12 patients 
given digitoxin, sodium restriction, and mercurial 
diuretics, and three patients on the same regimen 
without digitoxin. Peripheral phlebothrombosis and 
pulmonary embolism occurred in three cases of the 
former group, and in one of the latter group. During 
rapid diuresis, hemoconcentration was the most con- 
sistent finding, accompanied by less consistent find- 
ings of increasing prothrombin values, elevated 
fibrinogen content, rapid coagulation time, and in- 
creased globulin fractions. These changes preceded 
the thromboembolic episodes, which occurred be- 
tween the sixth and ninth days of therapy. The two 
control cases without heart disease were given mer- 
curial diuretics, sodium restricted diets, and digi- 
toxin. They developed no evidence of thromboem- 
bolic phenomena although they did have increases 
in the hematocrit levels, indicating hemoconcentra- 
tion. The authors believe that rapid and marked 
diuresis plays an important role in the pathogenesis 
of thromboembolic complications encountered in 
patients being treated for congestive failure by 
producing hemoconcentration and increased viscosity 


of the blood. Prophylactic anticoagulant therapy 
would seem to be indicated in the dehydration perio | 
of selected cases of congestive failure. 

HELLERSTEIN 


CORONARY ARTERY DISEASE 
MYOCARDIAL INFARCTION 


Fauteux, M.: Results of Surgical Treatment o/ 
Coronaritis. Arch. mal. coeur 44: 637 (Aug... 
1951. 

The author reports his experience in surgical treai- 
ment of 78 cases with coronary disease. The op 
ation consisted in ligation of the great coronary vei. 
and, in most of the cases, denervation of th> 
coronary arteries. The technic of the operation an 
pre- and postoperative treatment are described. 

Cases with typical angina, occurring on effort or 
at rest and resisting medical treatment, should he 
elected for surgical approach. Hypertension or healed 
myocardial infarction is no contraindication, but 
diabetes, even when treated adequately, is a bad 
operative risk. The operation is contraindicated in 
the presence of recent myocardial infarction and of 
bundle branch block. 

Of the 78 cases treated by this method, two died 
on the operating table and 14 within 20 days follow- 
ing surgery. The mortality was larger (50 per cent) 
in cases over 60 years. The cause of death was 
pulmonary embolism in four cases, coronary throm- 
bosis followed by ventricular fibrillation in two, and 


other complications in the remaining cases. Sixty- 

two cases survived up to 10 years, and in 45 the 

results are stated as excellent, good or improved. 
Pick 


Harman, J. B.: Angina in the Analgesic Limb. Brit. 

M. J. 4730: 521 (Sept. 1), 1951. 

The author attempted to test the hypothesis pro- 
posed by Cohen that, in the case of angina pectoris, 
there is a continual stream of subliminal pain im- 
pulses from the heart and arm, which reaches a 
functionally related area in the sensorium. When 
integrated with the cortical pattern of the body 
image, the impulses are localized selectively in that 
segment. In eight patients with angina, a weak but 
extensive brachial plexus block was performed in 
order to produce an arm which was analgesic but 
which had power and other forms of sensibility only 
slightly affected. In each instance, the subjects were 
then walked over a test course until angina was 
experienced. In seven of the eight patients arm pa'n 
occurred after walking a much greater distance than 
the amount previously sufficient to elicit an attack. 

However, in view of the fact that pain could sti! 
be elicited in the analgesic arm, the author conclude | 
that hypothetical subliminal pain impulses coul:! 
have played no part in producing the angina, since 
these must have been abolished by the blockin: 
procedure. 

ABRAMSON 
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\gress, C. M., Rosenburg, M. J., Binder, M. J., 
Schneiderman, A., and Clark, W. G.: Blood 
Volume Changes in Protracted Shock Resulting 
from Experimental Myocardial Infarction. Am. J. 
Physiol. 166: 603 (Sept.), 1951. 

Myocardial infarction was produced in open-chest 
dogs by embolization of the coronary arteries with 
lastic beads in methyl] cellulose. Approximately 3 to 

» mg. per Kg. of beads produced widespread sub- 

ethal infarction. Evans blue (T-1824) blood volume 

tudies carried out up to five hours showed a reduc- 

tion in blood volume of 20 per cent over those of a 

control group. 

OPPENHEIMER 


Sayjen, J. J., Sheldon, W. F., Horwitz, O., Kuo, 
P. T., Peirce, G., Zinsser, H. F., and Mead, J., 
Jr.: Studies of Coronary Disease in the Experi- 
mental Animal. II. Polarographic Determinations 
of Local Oxygen Availability in the Dog’s Left 
Ventricle during Coronary Occlusion and Pure 
Oxygen Breathing. J. Clin. Investigation 30: 932 
(Sept.), 1951. 

The availability of oxygen in ischemic tissue of the 
dog’s heart following coronary artery ligation was 
determined by a polarographic technic described by 
the authors. Platinum electrodes are inserted into the 
myocardium of the exposed heart. Subsequent de- 
termination of the precise location of the electrodes 
shows a differentiation into three zones. (1) A “‘cen- 
tral” area which shows a rapid decrease in available 
oxygen to less than a quarter of the control period 
values within a few minutes following ligation. The 
administration of pure oxygen by inhalation during 
coronary occlusion had no significant effect on the 
local oxygen availability in this area. (2) A “border” 
area which resembles the central area but shows a 
significant rise in local oxygen availability during 
oxygen breathing before termination of the occlu- 
sion. This supports the indication for inhalation of 
high oxygen concentrations in human myocardial 
infaretion. (3) An “outside” area which shows no 
significant change on occlusion. 

WAIFE 


ELECTROCARDIOGRAPHY 


Kroop, I. G., Steinberg, M. F., and Grishman, A.: 
The Nature of Left Axis Deviation in Congenital 
Cardiac Defects with Right Ventricular Hyper- 
trophy. Am. Heart J. 41: 891 (June), 1951. 

The authors present electrocardiographic findings 
in three cases of interatrial septal defect with left 
axis deviation in the presence of right ventricular 
hypertrophy. Intrapulmonary artery _ potentials 
ebove the pulmonic valve were recorded by means of 
cardiac catheterization in these three patients, in 
tvo patients with tetralogy of Fallot, and in three 
patients with pulmonary heart disease. In patients 
vith right ventricular hypertrophy, congenital and 
acquired, a characteristic rsR’s’ complex was re- 
corded in the pulmonary artery just above the pul- 


monic valve. In normal hearts, the tall delayed R as 
seen in right ventricular hypertrophy was not pres- 
ent. The authors postulate that the recorded posi- 
tivity (rsR’s’) above the pulmonic valve reflects the 
predominant potential of the hypertrophied right 
ventricle. In right ventricular hypertrophy, this po- 
tential may be reflected to the left arm, because of 
elevation and displacement of the pulmonary artery 
to the left secondary to hypertrophy. The reflection 
of this potential to the left arm (V,) results in left 
axis deviation. The variability of the electrocardi- 
ographic findings in these patients with right ventric- 
ular hypertrophy indicates that rotation and cardiac 
position are more important than chamber hyper- 
trophy alone in the determination of the extremity 
potentials and hence, the axis deviation. 
HELLERSTEIN 


Zatuchni, J.: The Electrocardiogram in Pregnancy 
and the Puerperium. Am. Heart J. 42: 11 (July), 
1951. 

The author studied 25 normal patients with un- 
complicated pregnancy, delivery and postpartum 
course, with the purpose of defining the position 
changes in terms of the mean electrical axis of the 
QRS and the electrocardiographie position, and, sec- 
ond, to determine whether there was any evidence of 
ventricular hypertrophy. Unipolar electrocardio- 
grams were obtained on an average of 14 days before 
delivery, 11 hours after delivery, and also two to five 
days later. With advancing pregnancy, the mean 
electrical axis shifted to the left until the latter part 
of the third trimester, when it usually shifted toward 
the right. The shift to the right continued after de- 
livery. The change in the mean electrical axis was 
more pronounced than in the electrocardiographic 
position as defined by Wilson and associates. The 
major positional change of the heart during preg- 
nancy and the puerperium is rotation around its an- 
teroposterior axis. There were no electrocardio- 
graphic manifestations of ventricular hypertrophy 
or “strain.” 

HELLERSTEIN 


Evans, E., and Pohlman, L.: Complete Heart Block 
in Pregnant Women. Am. Heart J. 42: 18 (July), 
1951. 

The authors present a case report of a pregnant 18 
year old woman with complete heart block, probably 
congenital, and an interventricular septal defect. In 
the year before, the patient had completed her sec- 
ond pregnancy uneventfully. In the sixth week of her 
third pregnancy, hysterotomy and sterilization were 
performed because of the development of increased 
dyspnea on exertion, progressive enlargement of the 
heart, and primary T-wave changes in the electro- 
cardiogram. The authors reviewed the literature and 
found 25 acceptable cases of complete heart block 
pregnancy. These patients survived pregnancy and 
fetal death was apparently rare. Termination of 
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pregnancy must be based on the usual indications, 
and not on the basis of the heart block per se. 
HELLERSTEIN 


Scherlis, L., and Grishman, A.: Spatial Vectorcardi- 
ography: Myocardial Infarction. V. Am. Heart J. 
42: 24 (July), 1951. 

The authors studied the vectorcardiograms of 67 
patients with evidence of myocardial infarction. In 
41 patients, electrocardiographic evidence revealed 
infarction of the inferior aspect of the heart; in 16, 
the infarct was in the anteroseptal region; in 15, in 
the anterolateral area; in nine, in the anterior aspect; 
and in nine, presumptive infarction of the posterior 
aspect of the heart. Standard, unipolar extremity, 
precordial multiple thoracic leads, and, in 11 pa- 
tients, esophageal electrocardiograms were recorded, 
in addition to simultaneously recorded frontal, sagit- 
tal, and horizontal plane vectorcardiograms. The 
orientation of the QRS sE loops after infarction de- 
pended upon the localization of the infarcted area. 
The loss of the electromotive forces due to destruc- 
tion of tissue with resultant electrically inert areas 
alters both the electrocardiogram and the vector- 
cardiogram. The new resultant electromotive forces 
in infarction are due to the existence of a new analytic 
area which augments the electromotive forces of the 
diametrically opposite area because of the now un- 
opposed potential in the uninvolved region. Spatial 
vectorcardiography as recorded by the authors’ 
technic is considered to be a superior method for the 
analysis of the spatial distribution of the electro- 
motive forces of accession in infarction. 

HELLERSTEIN 


Bunse, W., and Jahn, H.: Changes in the Electro- 
cardiogram Caused by Anaphylactic Shock. Aerztl. 
Wehnschr. 6: 755 (Aug.), 1951. 

In a preceding paper, the authors reported that 
electrocardiographic changes during histamine shock 
are prevented by antihistaminic drugs. In the pres- 
ent paper, the effect of antihistaminics in anaphylac- 
tic shock is discussed. Rabbits were sensitized by 
hypodermic injection of 2 cc. of human serum and 
anaphylactic shock was provoked two to three weeks 
later by the intravenous injection of the same serum. 
In order to diminish the degree of the shock, all ani- 
mals received 0.2 cc. per kilogram of Pernocton just 
prior to the second injection. Depression of the RS-T 
segments and flattening or inversion of the T-waves 
was observed in leads I and II during the state of 
shock in all control animals. Extrasystoles were rare. 
Prolongation of the auriculoventricular conduction 
time and 2:1 block were observed. An intravenous 
injection of antihistaminic drugs, administered be- 
fore the shock was induced, did not prevent these 
electrocardiographic changes in two out of three 
rabbits. If only 1 cc. instead of 5 ec. of serum was 
used to induce the shock, the electrocardiographic 
changes mentioned above remained the same in eight 


animals, but in seven animals, normal electrocardic 
grams were registered. The authors conclude tha 
antihistaminice drugs only partly influence the ele: 
trocardiographic changes during anaphylactic shock. 
Therefore, in addition to histamine, other histaminc . 
like substances play a part in this condition. 
SCHERF 


Gordon, A., and Goldberg, H.: Correlation of the 
Electrocardiographic Pattern of Right Heart Strain 
and Evidence of Right Ventricular Hypertension 
in Congenital Heart Disease. Am. Heart J. 42: 
226 (Aug.), 1951. 

The authors correlated cardiac catheterizatic: 
data and the electrocardiographic patterns of 21 i:.- 
fants and children less than 15 years of age with right 
ventricular hypertension and congenital heart dis- 
ease. Their criteria for right heart strain were based 
on the abnormal R/S ratio in V 4R and V 1. The 
R/S ratio at birth is normally infinity in Vu and 
Vi; it then decreases gradually and approaches 
unity at about 3 years of age and is usually less than 
1 thereafter. In 12 cases, when the pattern of right 
heart strain was present in the electrocardiogram, 
the right ventricular systolic pressure was elevated. 
In five cases, right ventricular systolic hypertension 
was present without the electrocardiographic pat- 
tern of right heart strain. In the remaining cases, the 
pattern of right heart strain was masked by patterns 
of left heart strain produced by other lesions, or 


aberrant coronary vessels. There was no §pecific 
correlation between the degree of hypertension and 
the amplitude of the QRS deflection or the R-S ratios 
in right heart strain patterns. 


HELLERSTEIN 


Dack, S., Corday, E., and Master, A. M.: The Heart 
in Acute Hemorrhage: A Clinical and Electro- 
cardiographic Study. Am. Heart J. 42: 161 (Aug.), 
1951. 

The authors studied 28 cases of acute hemorrhage 
in order to determine the factors which predispose 
individuals to coronary insufficiency, what its earli 
est clinical and electrocardiographic manifestations 
are, and the influence of therapy on this condition. 
The average age of the group was 49 years and one- 
half were over 50 years of age. An average of 1650 cc 
of whole blood transfusion was given. In serial elec- 
trocardiograms, significant changes occurred in 85 
per cent of the cases during the acute stage of hemor- 
rhage. The changes generally involved the RS-! 
segment and T-wave and lasted from three hours t» 
30 days. During the recovery phase, there was a 1 
currence of abnormal T-wave alterations in 8 ps 
tients. In two patients with massive gastrointestin: 
hemorrhage, the pattern of myocardial infarction du 
to coronary occlusion occurred. The electrocardi 
ographic changes were more marked. They appeare 
earlier, following lesser degrees of hemorrhage, in th 
older patients than in the younger, and lasted longs 
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i). patients with antecedent heart disease. The hemo- 
g obin level was a good guide to the severity of the 
e ectrocardiographic changes, although there were 
me exceptions. The electrocardiographic changes 
ther preceded or followed the hemodynamic 
anges, the latter being more common. Clinical 
‘gms of coronary insufficiency (precordial or sub- 
sernal pain) occurred in eight cases only. Signs of 
mgestive heart failure were exhibited in five pa- 
ients, three of whom had antecedent severe heart 
sease. Postmortem examination was performed in 
fcur eases, and in no instance was there evidence 
found of recent subendocardial necrosis. 

The authors believe that the electrocardiographic 
changes following hemorrhage are due to an intrin- 
sic change in the myocardium as a result of myo- 
cardial ischemia and anoxia, mainly of the deep 
layers. The authors stress the importance of prompt 
treatment of hemorrhage in patients with coronary 
or hypertensive heart disease. 

HELLERSTEIN 


Segers, M.: Auriculoventricular Synchronization and 
the Wolff-Parkinson- White Syndrome. Arch. mal. 
coeur 44: 712 (Aug.), 1951. 

The author presents clinical and experimental ob- 
servations, which in his opinion support the concept 
of a hyperexcitable ventricular focus in the explana- 
tion of the Wolff-Parkinson-White syndrome. An 
electrocardiogram is shown with alternation of nor- 
mal and anomalous conduction, in which ventricular 
premature beats had the same contour as the Wolff- 
Parkinson-White complexes. Corresponding observa- 
tions were made in an experiment, in which a small 
area of the right ventricle of a rabbit was injected 
with strychnine. This was followed first by a period 
during which normal ventricular activation alter- 
nated with pre-excitation, and then by an idioven- 
tricular rhythm with ventricular complexes of the 
Wolff-Parkinson-White type. 

In view of these observations and of previously 
described experiments, in which he demonstrated 
synchronization of rhythm of independent turtle 
hearts, being only in mechanical contact, the author 
believes that an accessory pathway between auricles 
and ventricles need not be implied to explain the 
ventricular pre-excitation in the Wolff-Parkinson- 
White syndrome. In the presence of a hyperexcit- 
able focus in one of the ventricles, pre-excitation of 
the latter by the auricles may occur by mechanical 
or electrical stimulation, without any anatomic con- 
nection between the two chambers. 

Pick 


Robb, J. S.: Study of Bazett’s K in Animals. Am J. 

Physiol. 166: 584 (Sept.), 1951. 

The author measured Q-T and cycle duration in 
ei ht species of animals and showed that Bazett’s 
KQ-T-= KV cycle) may not be considered to be 
“CT corrected for heart rate,’’ as K does not have 


a fixed arithmetic value. The fact that K is not an 
arithmetic constant does not prevent it from having 
considerable value. If the value of K and its trend 
is known, they may be of use in determining whether 
the myocardium is improving or deteriorating. Both 
rate and duration of systole are determined by a 
common fundamental condition of heart cells. Q-T 
or K and rate need not always change in a propor- 
tional manner or in the same direction. Strain raises 
K values above those expected at a given heart rate 
and increases in strain give still higher K values. In 
the agonal period, K decreases abruptly. The author 
is of the opinion that knowledge of K, compared with 
the expected value at any cycle length, gives more 
information than the Q-T measurement alone. 
OPPENHEIMER 


ENDOCRINE EFFECTS ON 
CIRCULATION 
Blumgart, H. L., Friedberg, A. S., and Kurland, G. 

S.: Treatment of Incapacitated Euthyroid Cardiac 

Patients by Producing Hypothyroidism with 

Radioactive Iodine. New England J. Med. 245: 

83 (July), 1951. 

The results of radioactive iodine therapy in 37 
euthyroid patients with incapacitating chronic car- 
diac disease are reported by the authors. In 26 pa- 
tients with angina pectoris, the results were excellent 
in seven, worthwhile in four, and not worthwhile in 
six. The follow-up period had been too brief for final 
clinical evaluation in the remaining nine. Of the 11 
patients with congestive failure, worthwhile im- 
provement was evident in four, unsatisfactory re- 
sults in two, and a too brief period for evaluation in 
five cases. The authors feel that the over-all surgical 
mortality and the parathyroid and laryngeal com- 
plications militate against total thyroidectomy. The 
thiourea drugs are too irregular in action, they must 
be given for life and dangerous reactions may result 
from their use. 

Although final indications and contraindications 
to radioactive iodine treatment have not been formu- 
lated, the authors include as unfavorable factors (a) 
rapidly progressive cardiovascular disease, including 
individuals in the terminal phases of their illness, 
(b) a basal metabolic rate of —15 per cent or lower, 
and (c) some associated conditions including rheu- 
matic fever, bronchiectasis, emotional instability, 
atrophic cirrhosis, recent myocardial infarction and 
intermittent claudication. Patients who seem likely 
to benefit are those whose disease has been relatively 
stationary for one or more years, or who show evi- 
dence of appreciable cardiac reserve such as an 
ability to lose the signs of congestive failure, and per- 
sons who are tense and hyperactive. Approximately 
two-thirds of the patients developed mild to mod- 
erate transient thyroiditis. Management of the in- 
duced myxedema consists of maintaining the lowest 
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metabolic rate consistent with the patient’s comfort 
by administration of small doses of thyroid. 
ROSENBAUM 


Govier, W. M., and Feenstra, E. S.: The Effect of 
Certain Hormones and Miscellaneous Compounds 
on Serum Disease in the Rabbit. Am. Heart J. 
42: 266 (Aug.), 1951. 

Vascular disease was produced by the injection of 
horse serum in 229 rabbits and the effects of nitrogen 
mustard, various hormones and miscellaneous sub- 
stances, believed to be concerned in allergic phe- 
nomena and cell-wall integrity, were studied by the 
authors. Nitrogen mustard was not effective. 
Adrenal cortical extract, ACTH and 17-OH-corti- 
costerone were most effective in the prevention of 
lesions. Testosterone, thiamine triphosphate, and 
penicillin G (the latter in high dosage) were mod- 
erately effective. Tripelennamine, atropine, procaine, 
and sodium allyl mercaptoacetate (the precursor of 
penicillin O) did not prevent lesions. 

HELLERSTEIN 


Teilum, G., Engbaek, H. C., Harboe, N., and Simon- 
sen, M.: Effects of Cortisone on Experimental 
Glomerulonephritis. J. Clin. Path. 4: 301 (Aug.), 
1951. 

White rabbits of the same strain were immunized 
with a formaldehyde-killed Pfeiffer bacillus culture 
administered in intravenous injections three times 
weekly. The eight animals immunized for 7 to 16 
months showed severe albuminuria. On biopsy of the 
renal tissue from the left upper pole of the kidney at 
laparotomy, five of these animals showed marked 
glomerular changes comparable with the natural dis- 
ease (Ellis’s type 1 and type 2 nephritis). Type 1 
nephritis was characterized by proliferation of endo- 
thelial and epithelial cells of the tufts and also pro- 
liferation of extracapsular mesenchymal cells. The 
proliferating cells display pronounced pyroninophilia 
(with Unna-Pappenheim’s methyl green-pyronine 
stain). In type 2 nephritis, the glomeruli are ex- 
tremely poor in cells, with large deposits of a homo- 
geneous substance in massive lumps. 

The aforementioned five rabbits were administered 
cortisone hypodermically in daily doses of 20 mg. It 
was begun five days after the first operation and was 
given in series of six days’ duration interrupted by 
one day on which another biopsy of the kidney was 
made. This was continued until the animal died. In 
rabbits showing type 1 glomerulonephritis, cortisone 
caused a marked regression of pyroninophilic cells in- 
side and outside the glomeruli, and promoted a tran- 
sition to homogeneous precipitates in the tufts and 
approached the picture of type 2 nephritis. In the 
case comparable to type 2 nephritis, further masses 
of homogeneous precipitates were accumulated in 
the tufts, whereas the cellular areas decreased. The 
histologic picture suggested amyloid nephrosis. 

RINZLER 


HYPERTENSION 
Davis, L., Tarkington, J., and Anderson, R. K.: 

Physiologic Principles Underlying the Treatme.t 

of High Diastolic Hypertension by the Thioc” 

anates and Sympathectomy. Ann. Surg. 133: 8¢7 

(June), 1951. 

The effect of thiocyanate therapy was studied 
the authors in a series of dogs made hypertensi 
with the Goldblatt clamp. A depletion of lipid gra. 
ules was noted in the three layers of the adrei 
cortex, most marked in the zona glomerulosa. ‘ 
withdrawal of the medication, there was a reappes: 
ance of these granules. Bilateral thoracolumbar sy? - 
pathectomy seemed to increase the effect produc 
by thiocyanate therapy. 

It was concluded that a combination of a reduc- 
tion in adrenal cortical function by sympathetic ce 
nervation of the adrenal medulla and depletion of 
the lipids of the adrenal cortex by thiocyanates would 
result in a more effective lowering of blood pressure 
than could be accomplished by either procedure 
alone. 

ABRAMSON 


Holley, H. L., Elliott, H. C., Jr., and Holland, C. M., 
Jr.: Serum Sodium Values in Essential Hyper- 
tension. Proc. Soc. Exper. Biol. and Med. 77: 561 
(July), 1951. 

A series of serum sodium determinations were 
made on 75 hypertensive patients and on 400 normo- 
tensive individuals. The results obtained revealed a 
statistically significant rise in the serum sodium of 
the hypertensive patients. The authors avoided any 
conclusions of their results. One might be tempted to 
conclude that these findings support the concept of 
adrenal participation in the production of the hyper- 
tensive syndrome and this might offer a basis for the 
restriction of sodium in the treatment of hyperten- 
sion. The authors believe that until the significance 
of these findings is more clearly understood, it may 
perhaps be better to avoid any definite conclusions 
as to their therapeutic or etiologic concepts. 

Mintz 


Perera, G. A.: Altered Metabolic Response Prior to 
the Development of Hypertensive Vascular Dis- 
ease. Am. Heart H. 42: 308 (Aug.), 1951. 

The author presents a case report of a 27 year old 
woman with a normal blood pressure who exhibited 
a pressor response to desoxycorticosterone and failed 
to lose weight during rigid salt restriction for 24 
hours. Such responses were observed before by the 
author, only in hypertensive patients. Three mont!is 
later, the patient developed hypertension. Since te 
increase in arterial tension following desoxycor:t- 
costerone and failure to lose weight under the stim: 
lus of rigid salt restriction occurred prior to the 2>- 
pearance of elevation of the blood pressure, t \¢ 
author suggests that perhaps an altered metabo ¢ 
response may exist before the development of |b - 
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portension. Further search is warranted for a met- 
aolic factor long in advance of the first signs of 
o vert disease. 

HELLERSTEIN 


Fetzel, B. S.: Some Aspects of the Natural History 
of Hypertensive Vascular Disease. M. J. Aus- 
tralia 2: 22 (Aug.), 1951. 

The clinical features of a series of 203 patients 
w th hypertension are reviewed by the authors. The 
kuown causes of hypertension accounted for only 11 
per cent of the cases. “Essential” hypertension com- 
prised 89 per cent of the cases in the series. In men, 
olisessional compulsive personality traits were found 
in 50 per cent. There was little evidence of obesity or 
endocrine disturbance. Family history was positive 
in only 19 per cent. In women, a history of toxemia 
o! pregnancy occurred in 53 per cent of those who 
were parous, and in 83 per cent of these cases the 
hypertension dated from pregnancy. Evidence of 
compulsive personality traits was present in 50 per 
cent. A ‘positive’ family history was present in 43 
per cent. 

The course of a case of hypertension is determined 
by the development of hypertensive vascular dis- 
ease, which is characterized by diffuse arteriolar dis- 
ease. “‘Primary”’ hypertension which is clinically sig- 
nificant appears by the age of 50 years, the blood 
pressure reading being at least 180 mm. Hg (systolic) 
and 120 mm. (diastolic). 

In “primary” hypertension, the course is more 
rapid in men than in women. In women, the course 
is more rapid in those who have had an episode of 
toxemia of pregnancy. 

The condition termed malignant hypertension is 
the most advanced stage of hypertensive vascular 
disease. It is indicated clinically by diffuse retinal 
edema called “papilledema’’, which is not produced 
by increased intracranial pressure but by vascular 
damage. This complication is especially frequent in 
renal hypertension and is responsible for its bad 
prognosis. 


BERNSTEIN 


Hellerstein, H. K., Orbison, J. L., Rodbard, S., Wil- 
burne, M., and Katz, L. N.: The Effect of Rutin 
in Experimental Malignant Hypertension. Am. 
Heart J. 42: 271 (Aug.), 1951. 

The authors produced fulminating hypertension 
in 16 dogs by bilateral renal artery constriction. 
Rutin (220 mg.) prevented the characteristic hemor- 
rhagie phenomena when administered subcutane- 
ously 10 days before renal artery ligation and during 
the postoperative period. Both control and treated 
degs developed equally severe uremia and the sur- 
vival time was not altered. The protective action of 
rutin is thought to be due to its stabilizing effect on 
tle ground substance of arterioles and of the peri- 
c: pillary sheath. : 

HELLERSTEIN 


McDowell, F. H., and Plum, F.: Arterial Hyperten- 
sion Associated with Acute Anterior Poliomyelitis. 
New England J. Med. 245: 241 (Aug. 16), 1951. 
The authors observed 95 patients with acute or 

subacute poliomyelitis. Hypertension was considered 

present if the diastolic blood pressure was over 90 

mm. Hg for more than 12 hours. Arterial hyperten- 

sion developed in 45 patients. It was observed twice 

as frequently in males as in females. The hyperten- 
sion was of greater degree and longer duration in pa- 
tients needing artificial respiration. The possibility 
of the deleterious effect of body or tank-type respira- 
tors was considered by the authors, but hypertension 
was also observed in one patient treated with a rapid- 
rocking bed. The greatest incidence of hypertension 
was in those patients suffering bulbospinal paralysis 
or paralysis of all four extremities. Ten of the hyper- 

tensive respiratory patients still had hypertension 3 

to 12 months after the onset of their acute illness. 

The hypertension is considered to be the result of 

invasion of the brain-stem autonomic structures or a 

manifestation of a generalized alarm reaction. Anox- 

emia, hypercapnia or artificial respiration seemed to 
intensify or prolong the otherwise transient hyper- 
tensive state. 

RosENBAUM 


Handler, P., and Bernheim, F.: Effects of Caloric 
Restriction, Salt Restriction, and Role of Pituitary 
and Adrenal Glands in Experimental Renal Hy- 
pertension. Am. J. Physiol. 166: 528 (Sept.), 1951. 
A low protein diet may impair synthesis or secre- 

tion of ACTH. Rats with subtotal nephrectomies 

have their blood pressure returned to normal by a 

low protein diet and small amounts of ACTH will 

elevate it again. These authors investigated the in- 
fluence of salt and water restriction and the role of 
pituitary and adrenal function in the hypertension 
of subtotal nephrectomy. When using circulating 
eosinophils as an index of ACTH secretion, the re- 
striction of protein, salt, calories, or choline all gave 
indication of decreased pituitary elaboration or se- 
cretion. Since exposure to cold was still able to 
restore the hypertension after hypophysectomy or a 
low protein regime in partially nephrectomized rats, 
the authors suggest that neurogenic factors may be 
operative. Since eosinopenia was observed at the 
same time, the adrenal cortex is probably controlled 
by factors other than ACTH under these circum- 
stances. Hyperthyroidism and dinitrophenol both 
elevate blood pressure in partially nephrectomized 
rats maintained on a low protein diet. In similar 
animals, cortisone effects were more marked than 

DCA effects. ACTH (1 mg. on two successive days, 

subcutaneously) produced an immediate rise in blood 

pressure in bilaterally nephrectomized rats to levels 

like those in subtotally nephrectomized rats on a 

normal protein intake. From these results, it is con- 

cluded that the effects of cortisone and ACTH on 
subtotally nephrectomized rats do not depend en- 
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tirely on salt retention and it is suggested that hyper- 
tension in these rats does not result from abnormal 
metabolism of remaining renal tissue but from failure 
to excrete some “‘pressor”’ material. 

OPPENHEIMER 


Zintel, H. A., Wolferth, C. C., Jeffers, W. A., Haf- 
kenschiel, J. H., and Lukens, F. D. W.: Subtotal 
Adrenalectomy in the Treatment of Patients with 
Severe Essential Hypertension. Ann. Surg. 134: 
351 (Sept.), 1951. 

The effect of partial removal of the adrenal gland 
was studied in 26 patients suffering from severe 
hypertension. Nine had simultaneous 95 to 98 per 
cent adrenalectomy, subdiaphragmatic sympathec- 
tomy and splanchnicectomy, while nine others had 
88 to 98 per cent adrenalectomy as their only surgical 
procedure. Two patients who had evidences of severe 
renal damage were subjected to total removal of both 
adrenal glands. A two-stage operation appeared to 
be more satisfactory than a one-stage procedure. 

The authors followed 11 patients for from 4 to 12 
months postoperatively. Two of these had persistent 
normal blood pressure, while a third had periods of 
normal pressure, but the level tended to become 
elevated with excessive adrenal replacement therapy. 
Three of the patients died. All eight patients who 
lived showed improvement of one or more of their 
symptoms and were able to return to part or full 
time activity, whereas before adrenalectomy they 
had been incapacitated. Two of the patients con- 
tinued to require adrenal replacement therapy. 

The authors concluded that subtotal adrenalec- 
tomy will produce some beneficial effects on the 
signs and symptoms, as well as a variable reduction 
in the blood pressure, of hypertensive patients. 
Longer follow-up studies are necessary for the full 
evaluation of this procedure. 

ABRAMSON 


Brust, A. A., Reiser, M. F., and Ferris, E. B., Jr.: 
Evaluation of Neurogenic Control of Blood Pres- 
sure in Hypertension with Tetraethylammonium 
Chloride and Spinal Anesthesia. J. Clin. Investi- 
gation 3): 925 (Sept.), 1951. 

The authors report on comparative study of the 
hypotensive effects of tetraethylammonium chloride 
(TEAC) and spinal anesthesia (to a level of Ts; or 
Ts). In all subjects (11 with malignant and 13 with 
benign hypertension) both TEAC and spinal anes- 
thesia significantly reduced the blood pressure. The 
degree of fall in blood pressure due to TEAC paral- 
leled the effect of anesthesia. Lower blood pressure 
readings were obtained with TEAC, and this sub- 
stance further reduced the blood pressure when ad- 
ministered during high spinal anesthesia. It would 
seem that the autonomic blockade of TEAC was 
more complete than that of high spinal anesthesia. 


WAIFE 
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Zollinger, H. U.: Hypertension following Expezi- 
mental X-Ray Irradiation of One Kidney in the 
Rat. Schweiz. Ztschr. Path. u. Bakt. 14: 366 (fase. 
4), 1951. 

In 20 adult rats, one kidney was removed and tie 
other displaced to the subcutaneous tissue. The ra‘s 
were then irradiated with 3000 roentgens per lit«r. 
Periodic blood pressure measurements taken fron 
the tail of the 14 animals who survived the operati in 
for 2 to 16 months, revealed two periods of hyper- 
tension. The first phase occurred in the second <o 
third week and the second phase in the fifth we -k 
after x-ray treatment. An increase of the heart 
weight and histologic changes in the arterioles found 
at autopsy of the animals confirmed the presence of 
moderate hypertension. The biphasic course of the 
blood pressure elevation is ascribed by the authors 
to an early and a late effect of x-ray irradiation upon 
the kidney. The first peak is explained by direct 
damage to the tubules of the middle portion of 
Henle’s loop, the second peak is interpreted as the 
result of impaired blood circulation in the secondary 
contracted kidney. 

Pick 


PATHOLOGIC PHYSIOLOGY 


Seifter, S.: The Effects of Dietary Deprivation of 
Potassium on Heart Glycogen and on Blood 
Glycolysis. J. Lab. & Clin. Med. 38: 78 (July), 
1951. 

Rats deprived of dietary potassium for periods of 
time varying from 7 to 77 days showed a compara- 
tively rapid absolute increase in the glycogen con- 
tents of their hearts as compared with suitable con- 
trols. The cardiac glycogen level of such potassium 
starved rats increased to about twice the normal 
value, and could rapidly be restored to the control 
level by realimentation with potassium for several 
days. 

Analysis of the red blood cells of the potassium 
starved rats for their potassium content revealed no 
significant deviation from the control value even 
after 35 days of dietary deficiency. 

The rats maintained on a potassium deficient dict 
for 49 and 77 days respectively exhibited no signifi- 
cant difference from control rats in the capacity of 
their blood to metabolize glucose to lactic acid, ard 
no qualitative or quantitative differences in blood 
glycolysis. 

Mintz 


Zimmerman, H. A.: Hemodynamics: Studies on 4 
Group of Patients Who Developed Cor Pulmona‘: 
Following Thoracoplasty. Thoracic Surg. 22: {3 
(July), 1951. 

Studies were made by the author on five patien 
who developed cor pulmonale 8 to 15 years aft: 
thoracoplasty. These patients were encountered 
the course of 650 cardiac catheterizations done und: ° 
the guidance of the author. Measurements were ma‘ 
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of the cardiac output, oxygen consumption, blood 
o: ygen levels, femoral artery pressure and the right 
vntricular pressure. All five patients had marked 
el vation in the pulmonary artery pressure and pul- 
m mary resistance was markedly increased. The 
pulmonary diastolic pressures ranged from 100 to 
5(0 per cent above normal. These findings are the 
same as those found in cor pulmonale from other 
ca 18es. 

It is not known why patients with thoracoplasty 
my develop cor pulmonale. This can occur even 
though the contralateral lung is free of disease. 

FROBESE 


Wilson, Vernon H.: Serial Femoral Arterial and 
Venous Blood Oxygen Studies in Anoxaemic Pa- 
tients with Widespread Respiratory Disease 
Whilst Breathing Atmospheric Air and During 
Oxygen Administration. South African J. M. Sc., 
16: 15 (July), 1951. 

The author demonstrated, by serial blood oxygen 
studies, that femoral arterial and venous blood oxy- 
gen saturations were raised during oxygen admin- 
istration in patients with widespread respiratory 
disease and central cyanosis. The method of oxygen 
administration used was by nasal catheters at slow 
rates of oxygen flow. Twenty patients were studied. 
The subjects for study were chosen from patients 
with central cyanosis due to widespread respiratory 
disease in the medical and surgical wards. 

Oxygen administered by nasal catheters (Tudor 
Edwards Spectacles—1938), at slow rates of oxygen 
flow, elevated the femoral arterial and venous blood 
oxygen saturation in the patients with widespread 
respiratory disease and central cyanosis, and cor- 
rected anoxemia in the majority of cases. The three 
patients, whose femoral arterial oxygen saturation 
failed to rise above eighty per cent after oxygen ad- 
ministration, differed from the other patients in havy- 
ing gross lobar absorption collapse, in addition to 
widespread bronchopneumonia in the rest of the 
lungs. Oxygen administration had a variable effect 
on the femoral arteriovenous blood oxygen difference. 
Only one of the 20 patients showed clinical evidence 
of oxygen want while breathing atmospheric air. 

BERNSTEIN 


Gilroy, J. C., and Wilson, Vernon H.: On the Rela- 
tionship of Pulmonary Hypertension to Anoxaemia 
in Cases of Respiratory Disease with Cor Pul- 
monale. South African J. M. Se. 16: 1 (July), 
1951. 

Che authors chose the subjects for study from pa- 
tients admitted to the medical wards with wide- 
sp ead respiratory disease, central cyanosis and sys- 
te:nic venous engorgement of varying severity. At 
th time of the investigation, three of the patients 
were convalescent and, therefore, serve as a com- 
pa‘ison to the remaining 13 patients who were still 
su.fering from their disease during catheterization of 


the pulmonary arteries. It will be seen that the de- 
gree of anoxemia and the height of the pulmonary 
arterial pressure varied considerably in different in- 
dividuals. One finding bore no real relationship to 
the other. The results, the authors believe, suggest 
that there is no constant relationship between pul- 
monary pressure, anoxemia and the ratio of the 
residual air to the total capacity of the lungs. 
BERNSTEIN 


Kjellberg, S. R., and Rudhe, U.: Electrokymography 
of the Pulmonary Artery in Cases of Pulmonary 
Stenosis. Acta radiol. 36: 133 (Aug.), 1951. 

The authors stress the similarity between the 
electrokymographic tracings in the post-stenotic por- 
tions of the aorta in coarctation and the pulmonary 
artery in pulmonic stenosis. The pattern, in eight 
cases of pulmonic stenosis, shows a slowly rising up- 
ward deflection in systole which is, at times, asso- 
ciated with an anacrotic notch and a partial reduc- 
tion or even the complete absence of the incisura on 
the descending limb at the time of closure of the 
pulmonic valve or shortly thereafter. Of the three 
case reports furnished, simultaneous ventricular pres- 
sure and electrokymographie curves were obtained 
in one. 

SCHWEDEL 


Greenfield, A. D. M., Shepherd, J. T., and Whelan, 
R. F.: The Part Played by the Nervous System in 
the Response to Cold of the Circulation through 
the Finger Tip. Clin. Sc. 10: 347 (Aug.), 1951. 
Studies of the response to cold were made on nor- 

mal subjects and on patients with sympathectomy 

and with peripheral nerve section. A calorimetric 
method was used for estimation of heat loss from the 
finger tip. In normal subjects the index fingers of 
both hands responded during the early period of ex- 
posure to cold with symmetrical vasodilatation. Af- 
ter blocking the ulnar nerve, cold vasodilatation was 
unimpaired. Cold vasodilatation occurred in the 
sympathectomized patients, and in the early days, 
after traumatic nerve section. In the cases of periph- 
eral nerve section, tested after a sufficient time 
for nerve fiber degeneration to occur, only a small 
response was found. However the response could be 
increased in every case by preliminary warming. 

The authors agree with previously reported work 

that cold vasodilatation does not depend upon the 

integrity of the sympathetic nervous system. They 
reconcile conflicting views of the dependence of the 
response to cold upon the integrity of somatic sen- 
sory nerves by emphasizing that although cold vaso- 
dilatation is greatly reduced in the denervated 
finger, it is nevertheless present. While the response 
can take place in the absence of a local axon reflex 
pathway, it is much greater when the nerves are 
intact. 

ENSELBERG 





952 ABSTRACTS 


Kopelman, H., and Lee, G. de J.: The Intrathoracic 
Blood Volume in Mitral Stenosis and Left Ven- 
tricular Failure. Clin. Sc. 10: 383 (Aug.), 1951. 
The authors made studies before and after con- 

gestive heart failure in 11 patients with mitral steno- 

sis and 16 with left ventricular failure. In addition, 
observations were made on 10 persons without heart 
disease. Both the direct Fick method and the dye 
method were used to determine cardiac output in 
many cases. Intrathoracie blood volume was deter- 
mined by the dye method, and in some cases where 
the dye was injected into the pulmonary artery by 
a cardiac catheter, the pulmonary blood volume was 
calculated. Good correlation without any systematic 
error was found in the cardiac output determina- 
tions with the Fick method and the Hamilton dye 
method. The mean intrathoracic blood volume in 
normal subjects was 1.8 L. + 0.28 L. (standard de- 

viation), with a mean index of 1.14 L./sq.m. + 

0.18 L./sq.m. 

A marked increase in intrathoracic blood volume 
was found in the cases with left ventricular failure, 
the mean being 2.7 L. + 0.5, the mean index being 
1.68 L./sy.m. + 0.35. After clinical improvement 
the volume was only slightly decreased, being still 
significantly higher than normal. In mitral stenosis 
during failure, only a slight increase in intrathoracic 
blood volume was found, being 2.1 L. + 0.42 with 
an index of 1.33 L./sq.m. + 0.26. After clinical im- 
provement the volume was very slightly above the 
normal values. The increase in intrathoracic blood 
volume could not be accounted for by changes in 
heart size studied roentgenologically. 

The authors conclude that the main increase in 
intrathoracic blood volume in left ventricular failure 
occurs in the pulmonary vasculature, and that the 
persistence of increased volume after clinical im- 
provement may be due to residual increase in pul- 
monary blood volume. In mitral stenosis, on the 
other hand, there was only a slight increase of circu- 
lating blood volume in the lungs during failure. Since 
in both groups, reduction in cardiac output was 
similar, the difference is best explained by changes 
in the pulmonary vasculature in mitral stenosis such 
as the higher pulmonary arterial pressure, anatomic 
changes in the pulmonary arteries and branches, ac- 
tive pulmonary arteriolar constriction and, in some 
cases, pulmonary embolic sequelae. 

ENSELBERG 


Lasser, R. P., and Loewe, L.: Characteristic Pres- 
sure Pulses Recorded with an Esophageal Balloon 
in Experimental Mitral Insufficiency in Dogs. 
Proce. Soc. Exper. Biol. & Med. 77: 798 (Aug.), 
1951. 

Pulsations in the esophagus at the level of the left 
atrium were simultaneously recorded by the authors 
in normal dogs and in the same animals following 
the production of mitral insufficiency. 

An identifiable and consistent pattern was ob- 


served in the esophageal tracings of normal dogs 
Following the production of mitral insufficiency 
characteristic alterations of the esophageal puls: 
wave contour were observed, which closely resem 
bled the pressure tracings obtained simultaneous! 
within the left atrium itself. 

It was possible to detect a fall of the regurgitatio 
pressure which resulted from hemorrhage or a ris» 
which was produced by aortic compression. A rat 
of approximately 3 to 1 was observed between th» 
simultaneously recorded atrial and esophageal puls» 
pressures in the dogs with mitral insufficiency. 

The authors suggest that the contour, of the puls« 
waves of the esophagus at the level of the left atrium, 
recorded with this technic, closely reflects that of the 
pressure pulses of the left atrium and that, within 
limits, a pressure relationship of a quantitative na- 
ture exists. 

Mintz 


Westcott, R. N., Fowler, N. O., Scott, R. C., Hauen- 
stein, V. D., and McGuire, J.: Anoxia and Human 
Pulmonary Vascular Resistance. J. Clin. Investi- 
gation 30: 957 (Sept.), 1951. 

The effect of anoxia (breathing 13 per cent oxygen 
in nitrogen) on the pulmonary vascular system was 
determined by the authors in a group of 32 patients, 
21 of whom had normal cardiovascular-pulmonary 
systems. The others had various cardiac and _pul- 
monary disorders. Anoxia led to an average rise of 
24.6 per cent in mean pulmonary artery pressure, 
but there was no change in pulmonary “capillary” 
pressure. There was no significant alteration in car- 
diac output as determined by the direct Fick method. 
In 10 subjects, simultaneous measurements of pul- 
monary artery and pulmonary ‘‘capillary”’ pressures 
and cardiac output revealed that the pulmonary 
arteriolar resistance increased significantly (48.5 per 
cent) on breathing 13 per cent oxygen. 

Minor changes were noted in brachial artery pres- 
sure and in total peripheral vascular resistance while 
the ballistocardiogram invariably became markedly 
abnormal during periods of anoxia. 

The authors believe that the results indicate that 
anoxia leads to an increase in pulmonary vascular 
resistance through vasoconstriction, although it is 
not known whether this constriction is mediated 
through the autonomic nervous system or depends 
on a direct local effect. 

WAIFE 


VASCULAR DISEASE 


Plaut, A.: Asymptomatic Focal Arteritis of the Ap- 
pendix. Am. J. Path. 27: 247 (Mar—Apr.), 19°!. 
The writer has collected a series of 88 cases of 

necrotizing exudative arteritis of the appendix. T :¢ 

small arteries and arterioles in the various coats ¢"e 

equally involved but the tip of the appendix sho \s 

the greatest concentration of these lesions, wh’ ‘h 

are barely visible to the naked eye. Microscopica: y, 
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thse vessels show focal necrosis in their walls, de- 
stiuction of the elastic lamellas, fibrinoid degenera- 
tion of the media, infiltration of monocytes, poly- 
mcrphonuclear leukocytes and eosinophils. While 
ne-rotic material fills the lumens of many of the 
in\ olved vessels, there is no thrombosis, no aneurysm 
for mation, and no infarction. 

‘The author stresses the fact that focal arteritis 
of the appendix is not related to periarteritis nodosa 
ani that microscopic discovery of such a lesion 
should cause no fear of the possibility of the latter 
condition. It is unique in that it occurs only in the 
appendix. It probably plays little or no role in the 
development of appendicitis. 

GOULEY 


Duomarco, J., Rimini, R., Sapriza, J. P., and Sur- 
raco, G. H.: The Collapse of the Large Thoracic 
Veins. Cuore e cire. 35: 156 (June), 1951. 
Angiocardiographie studies in man show a col- 

lapse of the large veins of the chest in certain posi- 

tions of the body. The large veins were visualized 
through injection of a radiopaque medium and evi- 
dence of collapse was given by the observation of 
dimmer and less regular shadows. Collapse was ob- 
served in the following conditions: (a) intrathoracic 
collapse of the subclavian and probably also of the 
jugular vein, in the upright position; (b) complete 
collapse of the superior vena cava, in the erect posi- 
tion; (ec) the contrast medium did not flow from the 
right atrium into the inferior cava; this fact is ex- 
plained with an intrathoracic collapse of the latter. 

The above-described venous collapses did not 
occur in patients with congestive failure. In such 
cases, the superior cava was found distended in the 
upright position, and the length of the distended 
segment increased with the rise of venous pressure. 

The contrast medium flowed from the right atrium 

through the inferior vena cava into the hepatic 

veins. The intrathoracic collapse of the subclavian 
and jugular veins in the upright position was also 
found to be absent in congestive failure. 

LuIsADA 


Hirschowitz, B. I., and Bagg, L.: Aneurysm of the 
Abdominal Aorta with a Report of Four Unusual 
Cases. Gastroenterol. 18: 375 (July), 1951. 

In 16 cases of aneurysm of the abdominal aorta 
presented by the authors, aneurysm of the abdominal 
portion of the aorta occurred in 22 per cent. 

In a group of patients with thoracic aortic aneu- 
rysms, syphilis was incriminated in 31 out of 37 
cases (84 per cent); but it was present in only four 
out of 16 (25 per cent) of the aneurysms of the ab- 
(oriinal portion, whereas arteriosclerosis caused 11 
(69 per cent) and infected emboli 1 (6 per cent). 
Pain was present in the majority of the cases (66 
per cent), tenderness in 75 per cent, and a mass in 
63 per cent of cases. Of these masses; 80 per cent 
pu'sated. The difficulties of accurate diagnosis were 


stressed, as was the value of radiography as an aid 
to diagnosis. 

Three cases which appeared to be gastrointestinal 
hemorrhage were described, as well as one case in 
which the aneurysm eroded into the spine, transect- 
ing the cord. 

BERNSTEIN 


Firstbrook, J. B.: The Newer Knowledge of Athero- 

sclerosis. Brit. M. J. 4724: 133 (July), 1951. 

On the basis of present evidence, it would seem 
that the initiating cause of experimental athero- 
sclerosis is the administration of cholesterol. How- 
ever, because of the operation of modifying factors, 
not all animals receiving the same amount of cho- 
lesterol for the same length of time develop the 
same degree of lesions. In the first place, there is a 
wide variation in the degree of hypercholesteremia 
which develops. This variation depends probably 
on varying thyroid activity and possibly on other 
factors. In the second place, not all animals with 
the same degree of hypercholesteremia develop 
lesions at the same rate. In general, the greater the 
degree of hypercholesteremia the more rapid is 
the development of atherosclerosis. However, var- 
iations in the degree of obesity, or some factor 
associated with obesity, can greatly modify the re- 
sponse. Finally, the rate of development of lesions 
is influenced by the arterial blood pressure and by 
pre-existing damage to the arterial wall. 

So far as dietary cholesterol is concerned, al- 
though the circumstantial evidence is considerable, 
there is no direct evidence for the hypothesis that 
dietary cholesterol is involved in human athero- 
sclerosis. There is strong evidence from clinical, 
pathologic, and experimental studies that an emi- 
nently desirable measure in the prevention of ath- 
erosclerosis is the prevention or correction of obesity. 
The virtues of a low-fat diet in this connection are 
well known. A diet particularly low in animal fat 
has what may prove to be an additional virtue—a 
low-cholesterol content. 

BERNSTEIN 


Moses, M. F.: Aortic Aneurysm Associated with 
Arachnodactyly. Brit. M. J. 4723: 81 (July), 
1951. 

Two cases of arachnodactyly with aneurysmal 
dilatation of the ascending aorta and multiple aortic 
tears, without dissecting aneurysm or rupture, are 
reported. In cases of arachnodactyly with cardio- 
vascular abnormality it is suggested that the aortic 
defects occur as often as the better-known con- 
genital heart lesions, such as patent foramen ovale. 
In the adult, aortic incompetence due to dilatation 
of the aortic ring and ascending aorta constitute 
the usually associated cardiovascular anomaly. These 
aortic lesions, though resembling the results of ac- 
quired disease, are probably the results of progres- 
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sive weakening in an inherited congenital malforma- 
tion of the aortic media. 

BERNSTEIN 
Beresford, O. D.: The Clinical Diagnosis of Dis- 

secting Aneurysm of the Aorta. Brit. M. J. 4728: 

397 (Aug.), 1951. 

Dissecting aneurysm is said to be found once in 
every 400 to 500 necropsies, but the true incidence 
may-be higher, as this does not include cases in 
which the process has healed. One in 10 cases re- 
covers and dies from other causes. About 80 per 
cent of cases occur in subjects over the age of 50. 
In young subjects, the condition is associated with 
pregnancy cr with a congenital narrowing of the 
aorta. Sixty-five per cent of cases occur in males. 
Hypertension is often present, but opinions differ 
about the exact frequency. In this series 5 of the 
11 cases had evidence of hypertension. It is con- 
sidered that a radial pulse is absent in only 2.8 per 
cent of cases and a femoral pulse in only 7 per cent, 
but it seems probable that peripheral vascular dis- 
turbances would be found much more often if all 
accessible pulses were examined at frequent in- 
tervals. 

It is important to stress that often a combination 
of two or more syndromes will arouse suspicion of 
the true diagnosis. Thus, in a ease presenting as 
coronary occlusion, the finding of diminished or 
absent pulsation in a peripheral vessel should call 
for a reconsideration of the diagnosis, as should 
the finding of peripheral sensory loss in a case of 
“nerforated ulcer.” Laboratory investigations are 
not of much assistance in diagnosis, though electro- 
cardiography may exclude alternative cardiac diag- 
noses. Nor is any active treatment likely to be of 
use, and adequate sedation seems the most reason- 
able course. The average time of survival from the 
onset of symptoms is four to seven days. The oc- 
currence of a quiesent stage after a dramatic onset 
should not dissuade the physician from giving a 
guarded prognosis. 

BERNSTEIN 


OTHER SUBJECTS 


Mathis, Hazel B.: A Simple Office Procedure for 
Demonstrating Lupus Erythematosus Cells in 
Peripheral Blood. Blood 6: 470 (May), 1951. 

A simple technic for the demonstration of lupus 
erythematosus cells in venous blood is described. 
About 5 ec. of venous blood is placed in a sterile 
centrifuge tube containing 3 drops of liquid heparin. 
When sedimentation has occurred at room tempera- 
ture, the supernatant plasma and the extreme upper- 
most level of the underlying cells are transferred 
to a second sterile centrifuge tube and held for 45 
minutes at 37.5 C. or two hours at room tempera- 
ture. The incubated plasma is then centrifuged. 
The sediment is smeared and stained with a Ro- 
manowsky stain. L.E. cells are more readily found 


at the periphery of the film and are more readily 
found in these films of platelet masses than ip 
buffy coat films. 


BEIZER 


Lenégre, J., and Chevalier, H.: Preliminary Tech 
nical Note Concerning the Histologic Study c 
the Septum of the Heart. Arch. mal. coeur 44 
512 (June), 1951. 

The authors describe a new technic for micro: 
copy of the conduction system. The whole intra 
ventricular septum is prepared in a single block 
In contrast to previously used methods, it is ex 
amined in longitudinal cuts proceeding anteriorall: 
from its posterior part. The Tawara node and thi 
His bundle and branches can be identified without 
difficulty by staining every twentieth, or even 
fortieth, section out of 2000 to 3000, and the whole 
conduction system can be studied in as few as 100 
to 200 microscopic slides. 

Pick 


Lian, C., and Coblentz, B.: Venous Catheterization 
in the Course of Compression of the Superior 
Vena Cava. Arch. mal. coeur 44: 634 (July), 
1951. 

The authors present six examples which demon 
strate the diagnostic value of cardiac catheteriza- 
tion in the compression syndrome of the superior 
vena cava. In three cases, normal pressures were 
obtained in the right auricle and in the lower part of 
the vessel, a sudden pressure elevation occurred 
when the catheter was retracted to the level of the 
right clavicle, thus indicating a venous stenosis in 
this region. In one case, in whom occlusion of the 
superior vena cava was suspected on clinica! grounds, 
the diagnosis had to be corrected to that of con- 
gestive right heart failure since pressure elevation 
was also found in the right auricle and ventricle. 
In two other subjects, failure to advance the cathe- 
ter beyond the right clavicle revealed the presence 
of a venous occlusion in this region. 

Pick 


Anderson, R.: Diodrast Studies of the Vertebral 
and Cranial Venous Systems to Show Their 
Probable Role in Cerebral Metastases. J. Neuro 
surg. 8: 411 (July), 1951. 

In a series of 1076 verified intracranial tumors, 
the author found the incidence of metastatic tumors 
was 8.4 per cent. Since the brain is devoid of lym- 
phatics, it is assumed that cerebral metastatic lesions 
are blood-borne. In such lesions as carcinoma of the 
lung, the route of spread to the cerebrum is along 
the arterial tree. However, the spread of lesions 
from the caval system or portal system to tlic 
brain is not easily explained. In the absence of cor - 
genital cardiac lesions this blood-borne materi: | 
could not bypass the pulmonary filter. Batson post - 
lated that the spread of carcinoma could occur 
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ay of the vertebral venous system. He showed 

iat contrast media injected into the dorsal vein 

‘the penis could pass easily along the vertebral 

nous system, its close association with the veins 
c’ the body wall, pelvic and shoulder girdles and 
]:stly the venous sinuses in the cranium. This 
s ‘stem is free of valves and the blood flow in it can 
be altered by postural changes and variations in 
iitrathoracic or intra-abdominal pressures. 

The authors repeated Batson’s studies on 12 
cidavers and obtained the same results. Then he 
applied similar procedures in 22 living patients 
with normal circulations. Here he used 20 ce. of 
52.5 per cent Diodrast solution injected into the 
femoral or cephalic veins. By external abdominal 
compression, he was able to force the contrast media 
into the ascending lumbar veins and the vertebral 
venous system rather than its normal course up 
the vena cava. When the intrathoracic pressure 
was increased the contrast media injected into the 
cephalic vein did not go past the subclavian vein 
but backed up into all of the transverse cervical, 
scapular, deep cervical, internal jugular, external 
jugular and vertebral veins. When the media backed 
up into the cranium, the internal cerebral veins as 
well as the external venous sinuses were filled. 

It is felt that these studies support the thesis that 
cerebral metastases from distant primary foci can 
occur via the vertebral venous system. 

FROBESE 


Simeone, F. A., and Felder, D. A.: The Super- 
sensitivity of Denervated Digital Blood Vessels 
in Man. Surgery 30: 218 (July), 1951. 

Data on the occurrence of postdenervation super- 
sensitivity of digital blood vessels in humans was 
collected. These extremities were either chronically 
denervated by operation or were acutely denervated 
by procaine block of the peripheral nerves. No 
attempt was made to demonstrate a difference be- 
tween the effects of preganglionic and postganglionic 
denervation. 

Observations were made of the color changes in 
the skin after the injection of single doses of ad- 
renaline intravenously. It was impossible to produce 
the circumscribed pallor or the cyanosis of Ray- 
niud’s phenomenon unless there had been a recur- 
rence of vasomotor activity. In the patients who 
had developed a recurrence of vasomotor activity, 
it was not necessary to inject adrenaline to produce 

llor and cyanosis as they developed it when 

erely exposed to cold. 

The authors studied five patients before and 

ter sympathectomy with plethysmographic studies 

the fifth finger. In all patients there was an in- 
teased responsiveness after sympathectomy as 

inifested by a greater shrinkage of the parts and 

prolongation of the response subsequent to the 
intravenous injection of adrenaline.» 

The authors point out that this would conform to 


the demonstrable response in experimental animals. 
Sympathetic denervation in animals renders smooth 
muscle supersensitive to chemical stimulation. The 
chief controversy is whether or not there is a real 
difference between the sensitizing effects of pre- 
ganglionic and postganglionic sympathectomies. 
FROBESE 


Steele, G. D. F.: Persistent Anxiety and Tachy- 
cardia Successfully Treated by Prefrontal Leu- 
cotomy. Brit. M. J. 4723: 84 (July), 1951. 

A case is described in which persistent anxiety, 
tachycardia and raised basal metabolic rate un- 
responsive to other methods of treatment were 
successfully treated by bilateral prefrontal leucot- 
omy. A year has passed without relapse. The 
general change in personality has been compatible 
with excellent social rehabilitation. The case demon- 
strates some problems in diagnosis and treatment. 

BERNSTEIN 


Fitzgerald, J. E., Webster, A.. Zummo, B. P., and 
Williams, P. C.: Evaluation of Adequate An- 
tepartum Care for the Cardiac Patient. J.A.M.A. 
146: 910 (July 7), 1951. 

During an 11 year period, 704 mothers delivered 
of viable infants in the Cook County Hospital were 
diagnosed as having organic heart disease; 24 ma- 
ternal deaths were attributed to cardiac disease 
and complications. This compared with 21 deaths 
reported from a group of only 244 women with 
organic heart disease who were not seen in the 
clinic. Of the 24 clinic patients who died, 15 had 
no antepartum attention whatsoever and six had 
inadequate care. In the entire series of 704 patients 
with organic heart disease, pregnancy was inter- 
rupted in only eight instances, of which three died. 

The authors state that management of the preg- 
nant woman should date back to the day of her 
initial illness. Marriage and pregnancy call for re- 
evaluation of her cardiac status. During pregnancy 
a study should be made of the patient’s functional 
capacity. Functional class 1 patients usually are | 
not hospitalized until the onset of labor. Class 2 
patients are admitted at the time of diagnosis and 
are hospitalized until they become class 1, then 
followed closely. Class 3 and class 4 patients are 
admitted for study and treatment and are hos- 
pitalized for the remainder of the gestational and 
puerperal periods or until compensated. The au- 
thors feel the patient with cardiac disease may be 
safely delivered from below if there is no obstetric 
contraindication. During labor the cardiac patient 
requires constant vigilance, and care does not end 
with delivery but must go through the postpartum 
period. The fact that only 3 of the 24 cases that 
died had adequate care suggests that obstetric 
mortality could be considerably reduced in cardiac 
cases by proper management. 

KItcHELL 
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Howard, P., Leathart, G. L., Dornhorst, A. C., and 
Sharpey-Schafer, E. P.: The “‘Mess Trick” and 
the “Fainting Lark.” Brit. M. J. 4728: 382 (Aug.), 
1951. 

The “mess trick” consists of suddenly compressing 
the chest after hyperventilation for about one min- 
ute. Hyperventilation leads to dilatation of muscle 
and constriction of brain blood vessels. Compres- 
sion of the chest causes the victim to perform an 
involuntary Valsalva maneuver, which in the pres- 
ence of peripheral dilatation is sufficient to reduce 
effective blood pressure and consequently cerebral 
blood flow to levels which cause unconsciousness. 

The “fainting lark” consists in a subject’s squat- 
ting on his haunches and hyperventilating for 20 
breaths, rising rapidly to the erect posture, and 
immediately performing the Valsalva maneuver. 
Consciousness is lost within a few seconds. The 
mechanism is the same as in the “mess trick,”’ with 
the added factor of the fall in blood pressure pro- 
duced by rising from the squatting posture. 

BERNSTEIN 


Craddock, W. L.: Diaphragmatic Flutter with Symp- 
toms Resembling Angina Pectoris. J.A.M.A. 146: 
1315 (Aug. 4), 1951. 

The case of a transient elderly male prevaricator, 
whose story has been reported and published in 
medical journals at least six times since 1935, is 


again reviewed. In all reported hospitalizations there 
have been evidences of psychopathy, malingering, 
belligerency, and procacity. Aliases are numerous. 
The individual usually applies for hospital admis- 
sion pounding the left side of the chest with his fist 
and complaining bitterly of ‘‘pain in my heart.” 
Despite irregular breathing with periods of apnea, 
there has been no evidence of circulatory impair- 
ment or cyanosis. A loud ‘‘tick-tock” sound of 
unequal intensity is heard throughout the chest 
with the ratio of this sound to the heart beat of 
3:1 or 4:1. In almost every instance the cardiac 
mechanism has been reported normal. On several 


occasions the patient has had transient hyper- 
thermia with temperature elevations of 109 to 112 
F., checked by rectum, mouth, and axilla. This, 
plus the bizarre behavior of the diaphragm, remains 
unexplained in his case. 


KITCHELL 


Gilley, E. W., McCord, M. C., and Taguchi, J. T. 
Acute Nonspecific Pericarditis. Am. J. M. Sc 
222: 249 (Sept.), 1951. 

The importance of differentiating acute benigi 
pericarditis from myocardial infarction is empha 
sized in this clinical study of nine patients in whon 
the diagnosis of pericarditis was established. Among 
the clinical features discussed as being helpful in 
the differential diagnosis of these two conditions are 
the following items: (1) an antecedent respiratory 
infection is frequently observed in pericarditis; (2) 
chest pain in pericarditis resembles that of myo- 
vardial infarction except that it is often distinctly 
accentuated by respiration; (3) the pericardial fric 
tion rub of pericarditis occurs early, is of greater 
intensity and more widespread than that of infare- 
tion; (4) fever, leukocytosis and increased sedimenta- 
tion rate occur earlier in pericarditis than in myo- 
-ardial infarction; (5) chest x-rays may show cardiac 
enlargement with rapid changes noted in heart size 
in pericarditis, and pulmonary abnormalities are 
those of. pleuritis or pneumonitis; in myocardial 
infarction, the heart size does not show rapid changes 
and the pulmonary abnormalities noted are usually 
those of congestion; (6) the electrocardiogram in 
pericarditis shows serial changes of S-T segment 
elevations without reciprocal T-wave inversion unti! 
later when the S-T segment is isoelectric; QRS 
patterns are not abnormal in pericarditis. 

In 2 patients paroxymal supraventricular tachy- 
cardia was observed during their illness. One patient, 
treated with heparin and dicoumarin for supposed 
myocardial infarction, died on the twelfth day of 
therapy as a result of cardiac tamponade produced 
by hemorrhage into the pericardial sac. 

SHUMAN 











































































































































































































































































Vraité des maladies des veines. Charles Laubry and 
Jacques Lowvel. Paris, G. Doin, 1950. 376 pages, 
53 figures. Price 1,700 fr. 

This book attempts to organize briefly all our 
present knowledge of the diseases of veins. Toward 
that end, the anatomy, histology, and physiology 
ure dealt with briefly, as well as the methods and 
technics for clinical examination, and the pathology 
of venous thrombosis. In the clinical presentation, 
the author discusses phlebothrombosis and_phle- 
hitis, with a special chapter on venous insufficiency. 
The subjects of phlebosclerosis and other diseases 
are dealt with briefly. The authors finally discuss 
at some length the appropriate therapeutic and pro- 
phylaetic measures to be adopted. 

In general, this is a valuable addition to the rela 
tively secant number of monographs and books on 
veins. This is one of the very few books which have 
tried to cover both the basic knowledge and the 
clinical and therapeutic aspects of venous diseases. 
It will prove especially useful to the clinician, sur- 
geon and medical student, who will find here a suc- 
cinet and all inclusive introductory discussion of 
venous diseases. It will, however, disappoint the 
histologist and pathologist since the discussion of 
the histology and pathology is inadequate, and the 
histologic illustrations are of poor quality. Like- 
wise, the discussion of phlebosclerosis is too brief 
to be informative. 

These comments should not detract from the fact 
that the authors have dealt with a subject which 
has been badly neglected by others. This book is a 
useful addition to the clinician and surgeon. 
Maurice Lev 


Electron Microscopic Histology of the Heart. An 
Application of Electron Microscopic Research to 
Physiology. Bruno Kisch, in collaboration with 
Joan M. Bardet. New York, Brooklyn Medical 
Press, 1951. 106 pages, 62 figures. $5.00. 

The author’s great enthusiasm for the study of 
hart musele by electron microscopy, which permits 
the visualization of ultramicroscopic structures, is 
ol. vious throughout the book, and his views are 
ey tomized in the statement that this method will 
prove to be “the indispensable tool for all future 
ea diology, including pharmacology and clinic (sic) 
ol ‘he heart.”” Many features observable by electron 
mi -rosecopy, not detectable by light microscopy, 
le. 1 the author to believe that the details revealed 
b\ the method may prove to be “of great importance 
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for the better understanding of the biochemistry 
of heart muscle under normal conditions, in coro- 
nary insufficiency, in circulatory failure, in anemia 
and in other conditions of clinical importance.” 
He insists that the information about the biochem- 
istry, physiology, and other normal features of heart 
muscle which derives from electron microscopic 
histology, involving a study of the relationships 
between the organelles of whole myocardial fibers, 
is far superior to that which can be obtained by 
electron microscopy of particles. He visualizes great 
improvement in the method of electron microscopic 
histology from the development of specific staining 
methods of tissues, for this special purpose, and 
predicts great advances in our knowledge from 
electron histology of heart muscle before and after 
the administration of drugs which affect the heart. 
He is fully aware of the existing drawbacks of the 
way in which such studies must be carried out at 
present and realizes that such conditions as high 
temperatures, vacuum and electron bombardment 
may introduce artefacts, which certainly means that 
this type of examination cannot be applied to living 
tissues. 

In his studies, the first to be made on the heart 
by; this’method, the author compares the similar- 
ities and differences of the electron microscopic 
appearance of heart muscle with the same tissue 
examined by light microscopy. He found that in 
each cardiac muscle fiber there are from 300 to 
700 myofibrils, the most primitive contractile units 
of the heart. A reticulated system of Z bands con- 
nected with the sarcolemma keeps the myo- 
fibrils in place. Capillaries actually enter the muscle 
fibers, to supply sarcoplasm, nuclei and myofibrils 
with blood, confirming the opinion that the nearly 
inexhaustible working capacity of the heart muscle 
depends to a great extent on the large amount of 
intra- as well as extrafiber capillaries as well as on 
the tremendous wealth of enzyme-bearing sarco- 
somes, some of which are scattered between the 
myofibrils, while others are massed at the poles 
of the nuclei, but which are never present inside 
the myofibrils. These and many other details of 
the minute structures of heart muscle are given in 
the book. 

The author attempts to interpret the physiologic 
action of every identifiable structure but admits 
that the part played by some of the structures is 
still open to question. The inadequacy of the photo- 
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graphs of tissue sections, by the method of electron 
microscopy, as compared with the remarkable re- 
sults obtained with the aid of metal shadowing, 
which can be carried out on particles, is admitted 
by the author, but it is his belief that the goal he 
has in mind ‘“‘eannot be reached by the most won- 
derful pictures of fractions of tissue elements.” 
Harry GoLpBLatr 


Tobacco and the Cardiovascular System. The Effects 
of Smoking and of Nicotine on Normal Persons. 
Grace M. Roth. Springfield, Ill., Charles C. 
Thomas, 1951. 66 pages, 1 table, 8 figures. $2.25. 
(American Lecture Series in Circulation No. 100.) 
The effects of the use of tobacco have too long 

been debated on sentimental grounds and too often 

the advice of the physician has been colored by his 

own habits or bias. Fortunately, during the past 25 


years, it has been possible to measure the effects 
of smoking on certain segments of the cardiovascular 
system and from data thus obtained significant 
conclusions may be drawn. There are aspects of the 
problem which require further study. Dr. Roth has 
pursued this subject diligently and productively in 
the clinie and the laboratory. This modest mono- 
graph summarizes the present knowledge with ob 
jective precision. In it Dr. Roth has condensed years 
of experimental studies and has evaluated the avail 
able clinical evidence. The marked vasoconstricting 
effects of tobacco have been conclusively docu 
mented. She has presented sound evidence that the 
drinking of alcohol will not protect the individual 
against the vasoconstricting effects of tobacco and 
has answered many other questions of theory and 
practice. This book is recommended reading for all 
physicians and many of their patients. 
IRVING S. Wricutr 
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ASSOCIATION FELLOWSHIPS 


Applications for Established Investigators and for Research Fellows must be received not 


later than September 15, 1952. 
Director. 


ANNUAL ELECTIONS 
Officers 


Dr. Irving 8. Wright, New York, assumed 
the Presidency of the Association for the 1952 
53 term at the Twenty-Eighth Annual Meeting 
in Cleveland in April. Dr. Wright is Professor 
of Clinical Medicine, Cornell University Medi- 
cal College, and attending physician at New 
York Hospital. He is a Past President and 
board member of the New York Heart Associa- 
tion, and has served as Chairman of the na- 
tional Association’s Committee on Anticoagu- 
lants and Publications Committee. Dr. Wright 


Information and forms may be obtained from the Medical 


succeeds Dr. Louis N. Katz, Chicago, who 
succeeded to the Chairmanship of the Scien- 
tific Council. 

Dr. Robert L. King, Seattle, was chosen 
President-Elect. Dr. King is a partner in the 
Mason Clinic, Seattle, a Past President of the 
Washington State Heart Association, and a 
former Vice-President of the national Associa- 
tion. 

Re-elected as Vice-Presidents were Mrs 
Alben W. Barkley, Washington; Bruce Barton, 
New York; T. Duckett Jones, M.D., New 
York; and Frederick K. Trask, Jr., New York 
Vice-Presidents elected to serve for the firs 
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ime included Edgar V. Allen, M.D., Roches- 
er, Minn.; E. Cowles Andrus, M.D., Balti- 
more; Irvine H. Page, M.D., Cleveland; and 
/ohn J. Sampson, M.D., San Francisco. Berke- 
y D. Johnson, New York, was elected Treas- 
rer. 


soard of Directors 


New members of the Board of Directors, 
cleeted by the Assembly for a three-year term 
«re: Ben May, Mobile, Ala.; Hugh Morgan, 
M.D., Nashville, Tenn.; and John Talbott, 
M.D., Buffalo, N. Y. 

Re-elected to the Board for three-year terms 
were John D. Brundage, Newark, N. J.; Mrs. 
Douglass O. Burnham, Watertown, Conn.; W. 
Montague Cobb, M.D., Washington; George 
x. Fenn, M.D., Chicago; A. J. Hayes, Wash- 
ington; John C. Higgins, Vancouver, Wash.; 
David J. MeDonald, Pittsburgh; Frank L. 
Mechem, Seattle; Michel E. Puyans, New 
York; Howard B. Sprague, M.D., Boston; C. 
J. Van Slyke, M.D., Bethesda, Md.; and J. 
Ross Veal, M.D., Washington. 

New members elected to the Board for a two 
year term include Edgar Hull, M.D., New 
Orleans; Paul V. Ledbetter, M.D., Houston; 
Louis E. Martin, M.D., Los Angeles; S. E. 
McCreless, San Antonio; and David 8. Robert- 
son, Los Angeles. 

Newly elected Board members for one year 
ue Edwin P. Maynard, Jr., M.D., Brooklyn, 
N. Y.; E. Sterling Nichol, M.D., Miami; and 
Eugene Stead, M.D., Durham, N. C. 

Board members chosen to represent the 
Scientific Council and its component sections 
and councils include: Nelson Barker, M.D., 
Rochester, Minn.; Francis L. Chamberlain, 
M.D., San Francisco; Charles A. R. Connor, 
M.D., New York; Arthur C. DeGraff, M.D., 
New York; Thomas M. Durant, M.D., Phila- 
dilphia; John P. Hubbard, M.D., Philadelphia; 
Fiank E. Joseph, Cleveland; Adrian D. Joyce, 
Cleveland; Louis N. Katz, M.D., Chicago; 
Chester M. Kurtz, M.D., Madison, Wis.; R. 
Bruce Logue, M.D., Atlanta; and Hugh Mont- 
gomery, M.D., Philadelphia. 


GOLD HEART AWARDS 


Gold Heart Awards for outstanding contribu- 
tions to cardiovascular medicine or the Associa- 
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tion were presented at the Annual Dinner in 
Cleveland in April to A. W. Robertson, Dr. 
Carl J. Wiggers, the late Robert L. Mehornay, 
and Mrs. Albert D. Lasker. Mr. Robertson, 
chairman of the Finance Committee and mem- 
ber of the Board of Directors of Westinghouse 
Electric Corporation, was honored for his lead- 
ership as Board Chairman of the Association 
from 1948-52. Dr. Wiggers, who is Professor 
and Director of the Department of Physiology 
at Western Reserve School of Medicine, re- 
ceived this award in recognition of his influence 
on medical thinking and for his unique train- 
ing school for research investigators. Last year 
Dr. Wiggers was honored for his work in the 
field of cardiovascular physiology by dedica- 
tion of a special issue of CIRCULATION. The 
posthumous award to Mr. Mehornay, business 
and civic leader of Kansas City, Mo., was pre- 
sented in recognition of Mr. Mehornay’s con- 
tributions to the development of the Associa- 
tion as one of. the first lay members of the 
Board of Directors. Mrs. Lasker, co-founder of 
the Albert and Mary Lasker Foundation, re- 
ceived the Gold Heart for the contributions 
she has made in focusing public, professional 
and governmental attention on the need for 
medical research on heart and other diseases 
which are the main killers and cripplers. 
NEW MEDICAL DIRECTOR 

Dr. Charles D. Marple, Assistant Clinical 
Professor of Medicine at the University of 
California School of Medicine since 1950, has 
been appointed Medical Director of the Associ- 
ation. 

In his new position, Dr. Marple will adminis- 
ter the research policies and scientific program, 
as developed by the Association’s Scientific 
Council, and will also be responsible for con- 
ducting the program of physician education. 

As a Research Fellow of the American Heart 
Association, Dr. Marple served as coordinator 
of the Committee on Anticoagulants at the 
New York Hospital from 1947-49. While at the 
University of California, he was engaged in a 
survey for the coordination of cardiovascular 
research. 

A native of California, Dr. Marple received 
his M.D. at Stanford University in 1938. He 
served a year’s rotating internship at San Fran- 
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cisco City and County Hospital, followed by a 
year as resident physician, rotating service, at 
Tulare County General Hospital, Tulare, Cal. 
He spent an additional year as assistant resi- 
dent physician at Stanford University School of 
Medicine and Stanford Hospital, before enter- 
ing private practice. 

In addition to his practice, he was Assistant 
Chief Surgeon, California State Prison from 
1940 to 1942. Dr. Marple served in the Army 
Medical Corps during World War II, and be- 
came chief of the Communicable Disease Sec- 
tion at the Santa Ana Army Air Base, Santa 
Ana, Cal., in 1946. He subsequently became 
resident physician in internal medicine at Los 
Angeles County General Hospital. From 1943 
to 1949, Dr. Marple was Associate Editor of 
“Clinical Medicine.” 


REVISED CLASSIFICATION 
CHART 
The Association has issued a revision of the 
chart, ‘Classification of Patients with Diseases 
of the Heart,” which has gained wide accept- 
ance as a guide to functional capacity and 
therapeutic classification of cardiac patients. 
The chart, which has been adopted by the 
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Association, was revised by the Criteria Com- 
mittee of the New York Heart Association. 
This Committee is preparing, under the chair- 
manship of Dr. Harold E. B. Pardee, the fifth 
edition of the book, ‘Nomenclature and 
Criteria for Diagnosis of Diseases of the 
Heart,’ which will include the revised chart. 
The chart is being distributed by state and 
local heart association affiliates to physicians, 
‘yospitals, vocational counselors, social workers 
and others concerned with the cardiac patient. 


ANNUAL REPORT 


The Association’s 1951 Annual Report has 
been published, and copies are available upon 


request. 
GRANTS FOR COLOR ILLUSTRATIONS 
For the year 1952, the American Heart As- 
sociation has received a grant of $3,000 from 
Winthrop-Stearns, Inc., to be used for colored 
illustrations in CIRCULATION. Grants for 
the same purpose were given by Wyeth, Inc., 
for the two preceding years. 
Since color is essential in properly illustrat- 
ing certain scientific matters, the Association is 
most grateful for these generous gifts. 








